So £ S004 
SP LY QD 
SO ZW xO 

svc VY eASY 

Ys Se Vv Or'>D 
MANAAAAAAAA ra Pa Pa Pa Pa Pa. 
Dlelclelclalclclclclclc clclct clclct 
Pa Pa Pu Pa Pa Pa Pe Pe Pa Pe Pe Pe ricer Pa Pa Pa, 
Clelclclclclclclclclclcl rel Pa Pa Pa, 
Dlelelelclclclclclclcle cle Pa Pa Pa 
Tlololclclclclclclclcle clclct Pa Pa Pa, 
Clilclclclclclclclclala Dlclct Pa Pa Pa, 
Dlellclclelclclelcle Pa Pus Pa Pa Pa Pa Pa, 
Pa, Poy Pe, Po Pe, Pm Pe Peg PD Pu Pa Pu Pa Pm Pa Pa Pa 
clelclclclclclct nolo Pa Pa Pa Pe. 
clolcletclclat Pu Papaya be Pu Pu Papa Pe, 
Dlolclelclc? Pa Pa Pa Pa iclclclelclce 
Dlelelcls “Wclclclat Pa Pus Pu Pa Pa Pm Pe 
Pas Pa Pe Pay mPa Pu Pm Pa Pu Pao Papa Pe Pe Pe, 
clelce Pat Pus Pu Pn Ps Wlclolclclclclclce 
rlelce Pa Pus Pes Py Mclclclclclclclclclct 
ra Pa Pe clclct Pidlclclclclclclclclclct 
rleto Dlclct Dlelclclclclclclclclclct 
Pa Pa Pe Dlclct Dlclclclclclclclclclclce 
ra PoP clclct Pu Pus Pat Pes Pu Pm Pm Pm Pm Pe Pm Pm 
lelce clelce Clclclclclclclclctclclce 
cletce Pa Pa Pa Dlelclclclclclclclclclce 
ra Pa Pa, Dict Dlclolclclclclclclclclc 
ra Pa Pa ricer Dlclelclclotclilclclclce 


Advanced Micro Devices 


Linear and Interface 
Data Book 


Copyright © 1979 by Advanced Micro Devices, Inc. 


Advanced Micro Devices cannot assume responsibility for use of any circuitry described other than circuitry entirely 
embodied in an Advanced Micro Devices’ product. 


ALPHA NUMERIC INDEX 
FUNCTIONAL INDEX 
SELECTION GUIDES 

INDUSTRY CROSS REFERENCE 
DICE POLICY 

ORDERING INFORMATION 
MIL-M-38510/MIL-STD-883 


COMPARATORS | 


DATA CONVERSION PRODUCTS 


LINE DRIVERS/RECEIVERS 


ViViV) V 


‘MOS MEMORY AND MICROPROCESSOR INTERFACE 
OPERATIONAL AMPLIFIERS — 
SPECIAL FUNCTIONS 


VOLTAGE REGULATORS 


PACKAGE OUTLINES 

GLOSSARY : 
AMD FIELD SALES OFFICES, SALES REPRESENTATIVES, 
DISTRIBUTOR EQCATIONS= eS 


GSaornwogdgrhtwawny «=m 








Section | 


Numeric Index 
Functional Index 
Selection Guides 
Industry Cross-Relerance: 4.6155 awoke we ei we aS iw Na Ree Gee ee eh eee Calin See 1-14 
Dice Policy 
Ordering Information 
MIL-M-38510/MIL-STD-883 


Product 


Am0026 
Am0056 
AmDAC-08 
Am101 
Am101A 
Am102 
Am105 
Am106 
Am107 
Am108 
Am108A 
Am110 
Am111 
Am112 
Am118 
Am119 
Am124 
Am124A 
Am139 
Am139A 
Am1408 
SSS1408A 
Am1458 
Am148 
Am1488 
Am1489 
Am1489A 
Am149 
Am1500 
Am1501 
Am1508 
SSS1508A 
LF155 
LF155A 
Am1558 
LF156 
LF156A 
LF157 
LF157A 
Am1692 
LF198 
Am201 
Am201A 
Am202 
Am205 
Am206 
Am207 
Am208 
Am208A 
Am210 
LH2101A 


NUMERIC INDEX 


Description Page 
5MHz Two-Phase MOS Clock Driver............0cc cece eee eee eens 5-1 
5MHz Two-Phase MOS Clock Driver ......... 0.00 cece cece eee ee naee 5-7 
8-Bit High-Speed Multiplying D/A Converter ............. 0.000 e ee eees 3-1 
Operational AMontion 20 eso euecwsi ud oe eaten ee OV Ree e ORE eS 6-1 
Operational AMDINer ok. y ce ia sic bed ee a aoe eeyed ote Sa Cass weeds 6-5 
Voltage Follower.............. Wace AP ea te os whe ee es RP aNioaels § 6-10 
VONAGE AAGOUIAION ais. sig peated sy ot eek eee eee Gees wae ta ewe ees 8-1 
Voltage Comparator/Buffer ..... 0... ccc cee cence teen eee e nae 2-1 
Frequency Compensated Operational Amplifier ..................... 6-14 
Operational AMplifiet bi5 cuca cai ve SewsceGu sewed ed waaee aaa sae 6-18 
Operational AMPpfier svaisiccas dts yaad oS een hoes ba eS VS e0 Gs ohn es o0 85 6-18 
Voliade FOUOWE! avidin owl iwou tert s come ee agivadawens Giumy ns Gee 6-22 
Precision Voltage Comparator ......... 0.0... cece eee ee eee 2-5 
Compensated High-Performance Operational Amplifier............... 6-26 
High-Speed Operational Amplifier ........... 0... cece eee ee eee 6-30 
Dual Voltage Comparator ..... 0... cece ce ee eee eee 2-9 
Quad Operational Amplifier ........... 20.0... cece eee eee eee 6-36 
Quad Operational Amplifier ......................0000. atiaeeecuhes 6-36 
Low Offset Voltage Quad Comparator .............. 0. ee eee eee eee 2-13 
Low Offset Voltage Quad Comparator ......... 0... ccs eee eee eee eee 2-13 
8-Bit Multiplying D/A Converter ............. 0. ccc cee cece een eee 3-14 
8-Bit Multiplying D/A Converter ........... 0.20: c eee e cece eee ees 3-14 
Dual Frequency Compensated Operational Amplifier................. 6-95 
Quad 741 Operational Amplifier ............ 00... cece ee eee cence 6-41 
Quad ‘RS-232C. Line: Driver nas coca set. os Lortherwiared a9. bye aabeey 4-1 
Quad RS-232C Line Receiver ........... 0. ccc cece ence eect eee eees 4-4 
Quad RS-232C Line Receiver .......... 0... c ccc ence eens 4-4 
Quad 741 Operational Amplifier ............ 00... cc cece e eee eee 6-41 
Dual Precision Voltage Comparator ............ 0... cee cee cece eee 2-31 
Dual Operational Amplifier ..........0.0. 0... c ccc cece een ene eae 6-90 
8-Bit Multiplying D/A Converter .............. ccc cece eee eee eens 3-14 
8-Bit Multiplying D/A Converter .............0. 0c cece cece eee eee 3-14 
JFET Input Operational Amplifier .......... 0... 0... ccc eee eee 6-43 
JFET Input Operational Amplifier .......... 0... 0... cece eee eee eee 6-43 
Dual Frequency Compensated Operational Amplifier................. 6-95 
JFET Input Operational Amplifier ........ 0.0.6.0... ccc cee cee eee ees 6-43 
JFET Input Operational Amplifier ........... 0.0... cc cece cee ee eee 6-43 
JFET Input Operational Amplifier .......... 0.0... cece ee eee eens 6-43 
JFET Input Operational Amplifier ............. 0... eee eee eee eens 6-43 
Three-State Differential Line Drivers ........... 0... 0c cece eee ee 4-8 
Monolithic Sample and Hold Circuits ........ 00... cc eee eee eee eee ee 3-7 
Operational AMpNNGls:s.sttr05 estes ede wes area anes Sh eea eames 6-1 
Operational Amplitiel 2-52. .aGA tania betwee SRL Rew hekee yee Seaweed 6-5 
Volidge FOlOWGEI since eed Came icted eee aene area ae wa waacoh ease 6-10 
VoOlageREGUIAION 5.42 dures ei ba eke cceea Bee Aa enen yaa baie 8-1 
Voltage Comparator/Buffer .. 0.0.0.0... cc cece eee eens 2-1 
Frequency Compensated Operational Amplifier ..................... 6-14 
Operational AmplitiGr ccs i640 ewes coe awe wal eae nese a da ass 6-18 
Operational AMplINeh caine et atte ks eaten met ee mews 6-18 
Voltage FollOWel sarc< student eveestaasys Gee ysDiied Peewee es 6-22 
Dual Operational Amplifier .................... dinda weate tale. aie wai 6-99 





Product 


Am211 
LH2111 
Am212 
Am216 
Am216A 
Am218 
Am219 
LH2201A 
LH2211 
Am224 
Am224A 
LH2301A 
LH2311 
Am239 
Am239A 
Am248 
Am249 
Am2502 
Am25L02 
Am2503 
Am25L03 
Am2504 
Am25L04 
Am25LS240 
Am25LS241 
Am25LS242 
Am25LS243 
Am25LS244 
LF255 
LF255A 
LF256 
LF256A 
LF257 
LF257A 
Am26S10 
Am26S11 
Am26S12 
Am26S12A 
Am2614 
Am2615 
Am2616 
Am2617 
Am26LS29 
Am26LS30 


Am26LS31 
Am26LS32 
Am26LS33 
Am2905 
Am2906 


NUMERIC INDEX (Cont.) 


Description Page 
Precision Voltage Comparator ......... 0... ccc cece cece cece eee nees 2-5 
Dual Precision Voltage Comparator.......... CAGE AS ie aegked Ae a Saks 2-35 
Compensated, High-Performance Operational Amplifier ....... eee 6-26 
Compensated, High-Performance Operational Amplifier .............. 6-51 
Compensated, High Performance Operational Amplifier .............. 6-51 
High-Speed Operational Amplifier .......... 0... c eee ee eee eee 6-30 
Dual Voltage Comparator ............ See ee re OE ere eth 2-9 
Dual Operational Amplifier ........ 2.0... cee cece eee eee eee eae 6-99 
Dual Precision Voltage Comparator .......... 00... cece eee eee eee 2-35 
Quad Operational Amplifier .......... 00... ccc ccc cece eee eee eee 6-36 
Quad Operational Amplifier .......... 00... ccc ccc cece cece eee eens 6-36 
Dual Operational Amplifier ........ 00... 0c cece eee eee eens 6-99 
Dual Precision Voltage Comparator .......... 0... ccc cee e eee cence 2-35 
Low Offset Voltage Quad Comparator ............. 0: cece eee eee eens 2-13 
Low Offset Voltage Quad Comparator ............. ccc cee eee eee 2-13 
Quad 741 Operational Amplifier ............. Aaa ue Saal y wie Ce enieis 2 6-41 
Quad 741 Operational Amplifier ....... 0.0.0... ccc cece ee eee eee 6-41 
8-Bit/12-Bit Successive Approximation Registers ................0005 3-18 
Low-Power, 8-Bit/12-Bit Successive Approximation Registers ......... 3-24 
8-Bit/12-Bit Successive Approximation Registers ................006. 3-18 
Low-Power, 8-Bit/12-Bit Successive Approximation Registers ......... 3-24 
8-Bit/12-Bit Successive Approximation Registers ..................4. 3-18 
Low-Power, 8-Bit/12-Bit Successive Approximation Registers ......... 3-24 
Octal Buffer; Inverting, Three-State ......... 0... cece cee eens 4-13 
Octal Buffer; Non-Inverting, Three-State ........... 0c. cece ec eee eee 4-17 
Quad Three-State Transceiver ............. cece cece ene e eee eeee 4-21 
Quad Three-State Transceiver .......... ccc ccc cece eee eee ences 4-21 
Octal Buffer Non-Inverting, Three-State .......... 0... cee ee eens 4-17 
JFET Input Operational Amplifier .............. 0. cece cece eee . 6-43 
JFET Input Operational Amplifier .....: Sania emecuanauets tanenare wae Senna a 6-43 
JFET Input Operational Amplifier ......... 2.0... . 0. cece eee ee eee ee 6-43 
JFET Input Operational Amplifier ........ 20... 0.0... cece eee eee 6-43 
JFET Input Operational Amplifier ........... 0.0... c cece eee eee 6-43 
JFET Input Operational Amplifier ........ 0... cece eee ee ee eee 6-43 
Qiad Bus iAnscewver iss Gianite cee eleeies been Oh btes Saws ge 4-57 
Quad ‘Bus Transc@iver i625 veri svasacd doiea diaeresis toes atl ewes 4-57 
Quad Bus: Transceiver s23.< case sae eve d card eee ee ena age es 4-62 
Quad Bus: Franscewversoi.<s ens tran av eee scab aba nese wikkesmes 4-62 
Quad Single-Ended Line Driver ............. cece eee eee eee eee 4-67 
Dual Line ReCeNGr x2. 2s2c. ecw tadieet tae cies betes t taiwan noses 4-72 
Quad MIL-188C and RS-232C Line Driver...................00 0 eee 4-78 
Quad RS-232C Line Receiver........ 0... ccc cee ec e eee ee eens 4-82 
Quad Three-State Single Ended RS-423 Line Driver................. 4-26 
Dual Differential RS-422 Party Line/Quad Single Ended 
Re-423 Line Diver 2h cs wastd Season dou Pi tene etoltak.cockean lcs ea 4°30 
Quad RS-422 High Speed Differential Line Driver ................0.. 4-36 
Quad RS-422 and RS-423 Differential Line Receiver ................ 4-40 
Quad Differential Line Receiver ............ 2... cee cee eee e eens 4-40 
Quad Two-Input OC Bus Transceiver with Three-State Receiver ...... 4-86 
Quad Two-Input OC Bus Transceiver with Parity .................:.. 4-92 


Product 


Am2907 
Am2908 
Am2915A 
Am2916A 
Am2917A 
LF298 
Am301 
Am301A 
Am302 
Am305 
Am305A 
Am306 
Am307 
Am308 
Am308A 
Am310 
Am311 
Am312 
Am316 
Am316A 
Am318 
Am319 
Am3212 
Am3216 
Am3226 
Am324 
Am324A 
Am339 
Am339A 
Am3448A 
Am348 
Am349 
LF355 
LF355A 
LF356 
LF356A 
LF357 
LF357A 
Am3692 
LF398 
Am54LS240 
Am54S240 
Am54LS241 
Am54S8241 
Am54LS242 
Am54S242 
Am54LS243 
Am54S243 
Am54LS244 
Am54S244 
Am55107B 


NUMERIC INDEX (Cont.) 


Description Page 
Quad Bus Transceiver with Interface Logic ...............200ceeeeee 4-98 
Quad Bus Transceiver with Interface Logic ...................0 eee 4-98 
Quad Three-State Bus Transceiver with Interface Logic .............. 4-107 
Quad Three-State Bus Transceiver with Interface Logic .............. 4-113 
Quad Three-State Bus Transceiver with Interface Logic .............. 4-119 
Monolithic Sample and Hold Circuits ........... 0... ccc eee 3-7 
Operational AMBINGE 23 genes ees Fav ere nee loeateneh Seeewseexey 6-1 
Operational Amolifier o:cs....0ssaase0 64 aad hte weds s towne awdees seas 6-5 
Voltage: FOlOWwer 5.00050 awe noe eae eed eae os whee ee Ree 6-10 
Voltage ReEQuiator «sic. ac co bea das ah ha Sy ahha aac ee ERE Phe 8-1 
Voltage Aegulator sic sac dicdat eiawgu er awenes a saag eeeieo eae eee 8-1 
Voltage. Comparator Buffet «2.6. cc cd oecew wate hw 89s who Sink ees 2-1 
Frequency Compensated Operational Amplifier ..................... 6-14 
Operational Amplifier........... 0.0... ce ccc e eee eeeeet nee eens 6-18 
Operational Amplifier’. ss: 42 c1tnecan adv ihee dn eawss dee ee ew itasds 6-18 
Voltage Follower sii sce ions ocbe carne Pees el At ext anata geet 6-22 
Precision Voltage Comparator ........... 0. cc cece cece eee e eee eenes 2-5 
Compensated, High-Performance Operational Amplifier .............. 6-26 
Compensated, High-Performance Operational Amplifier ........... 2.2. 6-51 
Compensated, High-Performance Operational Amplifier .............. 6-51 
High-Speed Operational Amplifier ................. cece eee 6-30 
Dual Voltage Comparator 5.664 ose d stake oe ede races ites cee es 2-9 
S-Bit INpUut/OUIPUE POM 3.2% sckcck Sea wawawcn ay bea dame oak dan a tires & 4-125 
4-Bit Parallel Bidirectional Bus Driver ............ 0.0... cee eee ee eens 4-132 
4-Bit Parallel Bidirectional Bus Driver ............. 0... cece eee eee 4-132 
Quad Operational Amplifier ........... 0... ccc eee e eens 6-36 
Quad Operational Amplifier ............. 0. cece eee e ee eee eee eee eee 6-36 
Low Offset Voltage Quad Comparator ............. eee eee eee eee 2-13 
Low Offset Voltage Quad Comparator ..............:c cece eee eee eee 2-13 
IEEE-488 Quad Bidirectional Transceiver...............02-0 eee eee 4-137 
Quad 741 Operational Amplifier .........0.. 0.0.0.0 cece cee eee ees 6-41 
Quad 741 Operational Amplifier ............. 0... cece cece eee 6-41 
JFET Input Operational Amplifier .............. 0... cee eee eee eee eee 6-43 
JFET Input Operational Amplifier .......... 00... 0. cece cece eee eee 6-43 
JFET Input Operational Amplifier 2.0.00... 0.0... cece cee eee eee 6-43 
JFET Input Operational Amplifier .......... 2.0... 0... ee eee ee eee 6-43 
JFET Input Operational Amplifier ........ 0.0.0... cc cee cece ee eee 6-43 
JFET Input Operational Amplifier .......... 0.0... 0. cece cece eee eee 6-43 
Three-State Differential Line Drivers ............. cece cee eee eee eee 4-8 
Monolithic Sample and Hold Circuits ............ 0... cece eee eee eee 3-7 
Octal Buffer; Inverting, Three-State .......... 0... cc cee cece eee 4-13 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ...... 4-142 
Octal Buffer; Non-Inverting, Three-State ............ 0... eee eee eee 4-17 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ...... 4-142 
Quad Three-State Bus Transceiver .............. ccc cece ence ee eees 4-21 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ...... 4-142 
Quad Three-State Bus Transceiver ........... 2... c eee eee eee eee 4-21 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs si bei 4-142 
Octal Buffer, Non-Inverting, Three-State ............ 0... eee eee eee 4-17 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ...... 4-142 
Dual line RecewWer cu2cced eee eerie resets boa Va e ee Bes 4-147 





Product 


Am55108B 
Am55109 
Am55110 
Am592 
Am6070 
Am6071 
Am6072 
Am6073 
Am6080 


Am6081 


Am685 
Am686 
Am687 
Am715 
Am715C 
Am71LS95 
Am71LS96 
Am71LS97 
Am71LS98 
Am723 
Am723C 
Am725 
$SS725 
Am725C 
Am7303B 
Am7304B 
Am733 
Am733C 
Am741 
SSS741 
Am741A 
Am74LS240 
Am74S240 
Am74LS241 
Am74S241 | 
Am74LS242 
Am74S242 
Am74LS243 
Am74S243 
Am74LS244 
Am74S244 
Am747 
$SS747 
Am747A 
Am748 
Am748C 
Am75107B 
Am75108B 
Am75109 


NUMERIC INDEX (Cont.) 


Description Page 
DUAIALING RECEIVER scars .ictwaw ata ua newer ekecnad ees Fei Canc la ats 4-147 
Dial Mine RECOV E! <n0525 ket outs Wee cue ala! 2 eyteme Mag yee melee’ ace 4-153 
Dual Line DAVer se ee8 ee ee Resa oe eee eae Oe Pa Rea eaeat 4-153 
Differential Video Amplifier ............ 0... ccc cece cece eens 7-1 
Companding D-to-A Converter for Control Systems ..............0005 3-28 
Companding D-to-A Converter for Control Systems .................. 3-40 
Companding D-to-A Converter for PCM Communication Systems ..... ) 3-52 
Companding D-to-A Converter for PCM Communication Systems ..... 3-64 
Microprocessor System Compatible 8-Bit High-Speed 
Multiplying D/A Converter .......... 0... cece cence een e eee n ees 3-76 
Microprocessor System Compatible 8-Bit High-Speed 
Multiplying D/A Convemter sosws.i6c.55645 Sacnee iis ose tues ds ve eb oa 3-84 
Voltage: Comparator j:6s9 sav euswe saat oed Mie nase sa eee ees 2-19 
VOUaGS“OCOMpAralOl ance evades varias weteeiae ei oaw eee betes 2-27 
Dual "Voltage Comparator tases vets aos bis s Wee wares bole a eae wae aS 2-29 
High-Speed Operational Amplifier ........... 0... ccc eee cee ee ee eee 6-55 
High-Speed Operational Amplifier ............. 0... c eee eee eee 6-55 
Three-State Octal Buers: scien echiwan Soya aeetwaaeines ee a4 es 4-159 
Three-State:-Octal Burs: «65 ainda Peak eoseds bie ered esha ateas oe 4-159 
Three-State Octal Buffers 2.0.0.0... ccc ccc eee eee e ence eens 4-159 
Three-State Octal Buffers: 22% ccscesawss tances be Ou diowe ae eteea ees 4-159 
VOCS REQUIALOR a-<4 diesen Pocaiteh cages cai wal ag ae ue eae nee a oes 8-5 
Vollage -ReQuiator. 2.2005 ¢224e a syw edu Seesuenctiebh tue sean antes 8-5 
Instrumentation Operational Amplifier ................ 0... ee eee eee 6-59 
High-Performance Operational Amplifier............ 0.0.0. c eee eee eee 6-64 
Instrumentation Operational Amplifier ............... 02. cece eee eee 6-59 
Octal Three-State Inverting Bidirectional Transceiver ................ 4-163 
Octal Three-State Bidirectional Transceiver ................ 00. eee eee 4-168 
Differential Video Amplifier ............ 0... ccc cece eee eee eee 7-4 
Differential Video Amplifier .......2..... 0... cc cece eee ene eens 7-4 
Frequency-Compensated Operational Amplifier ..................... 6-70 
Frequency-Compensated Operational Amplifier ..................... 6-64 
Frequency-Compensated Operational Amplifier ............... fo ed 6-70 
Octal Buffer; Inverting, Three-State ...... 0... 0... eee eee eee eee 4-13 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ...... 4-142 
Octal Buffer; Non-Inverting, Three-State ....... 0.0... . 0c cee eee eee 4-17 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ...... 4-142 
Quad Three-State Bus Transceiver .......... 0.0 cece e eee enone 4-21 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ...... 4-142 
Quad Three-State Bus Transceiver ........... 0... cece eee nee eee 4-21 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ...... 4-142 
Octal Buffer, Non-Inverting, Three-State ............. 0... eee 4-17 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ...... 4-142 
Dual Frequency-Compensated Operational Amplifier................. 6-77 
Dual Frequency-Compensated Operational Amplifier................. 6-64 
Dual Frequency-Compensated Operational Amplifier................. 6-77 | 
Operational Amplifier................ Mace DIAM ININ ate Se ele ahat tee eae alae 6-84 
Operational: Amplitier ¢s2ci04sioveciesaieeay dueates bd wreesaeeleeees 6-84 
Dual: Line ReGCeVer a ciscsads:ctas case ee excketar ith te ae daey aebeay 4-147 
Dual Line: R@Cewver secs Sen ie aw teh te eR hae hee ees Blaney 4-147 
Dual (ine-ReCewverw stich annie sew vee oA eae na eae Beek ees 4-153 


NUMERIC INDEX (Cont.) 





Product Description 

Am75110 Dual Line Driver ................00- cate deat this Cog eee cab anaes aie natn noes 
Am7820 Dual Differential Line Receiver ........ 0.0.0.0... ccc cece ee eee 
Am7820A Dual Differential Line Receiver ...... 0.0... 0. ccc cee eee 
Am7830 Dual Differential Line Driver......... 0.0.0... ccc cece cece eee eee 
Am7831 Three-State: Line -Diiver 2c esc ea Ga ee ewe OAS OS 
Am7832 Three- State LING Driver ec 8 ses eee eeu gen Gee aeeew as caw wee cas 
Am7838 . Quad Unified Bus Transceiver ........ 0.0... ccc ccc cece eee eens 
Am81LS95 Three-State Octal Buffers ...... 0.0... cece ee teen eee 
Am81LS96 three-state: Octal: Buners: voi4ctade neve Seow dha ates She eee ek 
Am81LS97 Three-State Octal Buffers ...... 0.0... ccc cee ee eee eee ees 
Am81LS98 Three-State Octal Buffers ...... 0.0... ccc eee eee eens 
Am8212 8-Bit- Input-Output Port occa d ides neew lewis bags easivewwansdesGs4 eas 
Am8216 4-Bit Parallel Bidirectional Bus Driver .......... 0.0... ccc cece eee eee 
Am8224 Clock Generator and Driver......... 0... ccc cece eee ence ences 
Am8226 4-Bit Parallel Bidirectional Bus ...... 0... 0... ccc cee eee eee 
Am8228 System Controller and Bus Driver ............. 0. cece eee ene ees 
Am8238 System Controller and Bus Driver ........... 0... cee cece eee eens 
Am8T26 Schottky Three-State Quad Bus Driver/Receiver ................005. 
Am8T26A Schottky Three-State Quad Bus Driver/Receiver ...............00005 
Am8T28 Schottky Three-State Quad Bus Driver/Receiver ................006. 
Am8303B Octal Three-State Inverting Bidirectional Transceiver 

Am8304B Octal Three-State Bidirectional Transceiver ...............0 cece eee ee 
Am8820 Dual Differential Line Receiver .......... 0... ccc cc eee eee eee 
Am8820A Dual Differential Line Receiver ........ 0.0... ccc cece eee e eens 
Am8830 Dual Differential Line Driver......... 0.0... 0c ccc cee eee eee 
Am8831 ‘Three-State- Line Driver” es-coas cas coe snot ao dawns Bebarad leu aces 
Am8832 Three-State Line: Driver sssa-ed oie ck cia seh a beet Zbe ewe baa te 
Am8838 Quad Unified Bus Transceiver .......... 2... ccc cece eee eee 
Am9614 Differential Line Driver ...... 0.0.0... ccc ccc ce cee eee eee eens 
Am9615 Dual Differential Line Receiver ........... 0.0... ccc ccc eee eens 
Am9616 Triple EIA RS-232C/MIL-STD-188C Line Driver .................. aa 
Am9617 Fo-2o20- Gin RECCIVGE 6 fiii< dns Pow nte nines axa eta, AGE T eee 


FUNCTIONAL INDEX 


Section 1 
NUMO@NGINGGX i255 05. oes ach bor dk ouine cei oe Ree ee ema eS eee tee aK ee pune aides 1-1 
FUNICUOTIAL INGO A vests cre soe telnet oe evans vapors arab ete fac cSt Ns Acs inte om a held eat eal ced Meda eey 1-6 
SGIECION GUIDES Wai nb. cance eeu bee eee ed RIAD ae eee Nee EN SOME e eRe Cees ebb eee ee ae awaleds 1-10 
Industry-Cross-Rielerenee: sic spayce eines uywa nea ie pan oy Viele Page We Sige DONA OSE ah wh Dy 1-14 
DICE PONCY Sis eg jue ne han ie nae Ae sep oink ae Aig teeta hid Sheena ee Saat Gaara Grae sche Sgn dee 1-22 
Ordering -IMiOrnMation 25-3 3 sek ack Sees Seed ee eae ed iad eee wwe oS RESO RS OR aS s HERR 1-23 
MIL-VESES10/MIL-STD-883 255 c008 ove ceca ners banat eee weak eee RON Oxneae bs Serdeewae deh aaetes 1-26 
Comparators — Section Il 
Am106/206/306 Voltage Comparator/Buffer ........... ccc cece cece cence eee e ee eeeaee 2-1 
Am111/211/311 Precision Voltage Comparator ............ ccs e eee e tenet e nee enaes 2-5 
Am119/219/319 Dual Voltage Comparator......... 0.0 ccc cee ect e ence eeeeees 2-9 
Am139/239/339 Low Offset Voltage Quad Comparator ......... 0. cc cece eee eee 2-13 
Am139A/239A/339A Low Offset Voltage Quad Comparator ............. cece eee ee eee ee 2-13 
Am685 Voltage: Comparator’ 22.s-cciss eid ees sacks tae vedas oka yes eet en 2-19 
Am686 Voltage Comparator «svc. tain coe Song awe eawies aoa eaueesseeks 2-27 
Am687/687A .. Pua) Voltage: Comparators. 225 tasteraressyaeiss wane ee beg hens 2-29 
Am1500 Dual Precision Voltage Comparator ............ cece cece eee eee eee 2-31 
LH2111/2211/2311 Dual Precision Voltage Comparator .............. cee eee ee eee eens 2-35 
Application Notes 
A New High-Speed Comparator — The AM685 .......... cc cece cece eee et eee e een e ene enees 2-39 
Am685/Am686/Am687 — Designing with High-Speed Comparators ..............ccee seen ee ee eees 2-48 
Data Conversion Products — Section Ill 
AmDAC-08 8-Bit High-Speed Multiplying D/A Converter ................. ee eee 3-1 
LF198 Monolithic Sample and Hold Circuits ........... 0... cc cee ee eee 3-7 
LF298 Monolithic Sample and Hold Circuits ....... 00... 0 eee cee ee eee 3-7 
LF398 Monolithic Sample and Hold Circuits ........... 0... cece eee eee eee 3-7 
Am1508/1408 8-Bit Multiplying D/A Converter ........... cece cece eee tee eens 3-14 
SSS1508A/1408A 8-Bit Multiplying D/A Converter ......... 2... ccc cece eee eee eens 3-14 
Am2502 8-Bit/12-Bit Successive Approximation Registers .................... 3-18 
Am2503 8-Bit/12-Bit Successive Approximation Registers .................05. 3-18 
Am2504 8-Bit/12-Bit Successive Approximation Registers ...............0008- 3-18 
Am25L02 Low Power, 8-Bit/12-Bit Successive Approximation Registers ......... 3-24 
Am25L03 Low Power, 8-Bit/12-Bit Successive Approximation Registers ......... 3-24 
Am25L04 Low Power, 8-Bit/12-Bit Successive Approximation Registers ......... 3-24 
Am6070 Companding D-to-A Converter for Control Systems .................. 3-28 
Am6071 Companding D-to-A Converter for Control Systems .................. 3-40 
Am6072 Companding D-to-A Converter for PCM Communication Systems ..... 3-52 
Am6073 Companding D-to-A Converter for PCM Communication Systems ..... 3-64 
Am6080 Microprocessor System Compatible 8-Bit High-Speed Multiplying — 

DiA CONVENED <4 4s ayedae aa ped ow ean Ream ai awatewse teen cs 3-76 
Am6081 Microprocessor System Compatible 8-Bit High-Speed Multiplying 

D/A CONVENER crocs Sac toe is ee cok eee heed ea tate kes 3-84 
Application Notes 
GOMPANCING DAG eis sua eacceriae genoa eR AE Fa ee SEE a es Ee OAS Leh SAN WATS ERAS AAS WS 3-96 
Line Drivers/Receivers — Section IV 
Am1488 Quad:R$-232C Line Driver v5 oss deseo ee Neds ead yatiieaew oss 4-1 
Am1489 Quad RS-232C Line Receiver.......... 0. cece eee cece tee teens 4-4 
Am1489A . Quad RS-232C Line Receiver........... 0. ccc cece cece ee ee eee eees 4-4 
Am1692/3692 Three-State Differential Line Drivers ............. 00. e essen eee Lei 4-8 
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Line Drivers/Receivers — Section IV (Cont.) 


Am25LS240 
~ Am25LS241 
Am25LS242 
Am25LS243 
Am25LS244 
Am26LS29 

Am26LS30 


Am26LS31 
Am26LS32 
Am26LS33 
Am26S10 
Am26S11 
Am26S12 
Am26S12A 
Am2614 

Am2615 

Am2616 

Am2617 

Am2905 

Am2906 

Am2907 

Am2908 
Am2915A 
Am2916A 
Am2917A 
Am3212 

Am3216 

Am3226 
Am3448A 
Am54LS/74LS240 
Am54LS/74LS241 
Am54LS/74LS242 
Am54LS/74LS243 


Am54LS/74LS244 © 
Am54S/74S8240_ 


Am54S/74S241 

Ams48/748242 
Am54S/74S8243 | 
Am54S/74S244 . 


Am55/75107B 
Am55/75108B 
Am55/75109 
Am55/75110 
Am71LS/81LS95 
Am71LS/81LS96 
Am71LS/81LS97 
Am71LS/81LS98 
Am73/8303B 


Octal Buffer; Inverting, Three-State ........... 0. ccc eee eee 4-13 
Octal Buffer; Non-Inverting, Three-State ........ 0.0... cece eee 4-17 
Quad Three-State Bus Transceiver ...........00 ccc ee eee eee e eens 4-21 
Quad Three-State Bus Transceiver .......... 2... cece cece eee eres 4-21 
Octal Buffer, Non-Inverting, Three-State ......... 0... 0... cee eee eee 4-17 
Quad Three-State Single-Ended RS-423 Line Driver................. 4-26 
Dual Differential RS-422 Party Line/Quad Single-Ended 
FS-423 Line Drivel: she dws wack ok aca eed aeiins oH ade Rate a SAVE RA od 4-30 
Quad RS-422 High-Speed Differential Line Driver ........... Dawes 4-36 
Quad RS-422 and RS-423 Differential Line Receiver ................ 4-40 
Quad Differential Line Receiver ......... 0.0... cc cece cece tenes 4-40 
Quad Bus: TranSCCIVEl: sccisc bss iaGs 6 oe ea coe ew Oca 4-57 
Quad Bus Transceivet vec sguadeiekicey se eee e as Wee eae dea weeds 4-57 
Quad: Bus TransSceiver acsedtei-sa- 250 es aaeeen na eahadews ond ooee ses 4-62 
Quad BUS TFANSCOIVER 6.5 va ean dW kn atin d oo R ASA eae A 4-62 
Quad Single-Ended Line Driver ........... 0.0: cece cece cence ee eeee 4-67 
Dual Differential Line Receiver ......... 0... cece eee eee eens 4-72 
Quad MIL-188C and RS-232C Line Driver.............. ccc cee eee 4-78 
Quad RS-232C Line Receiver...... essa netgear ars ha ans han ae eae 4-82 
Quad Two-Input OC Bus Transceiver with Three-State Receiver ...... 4-86 
Quad Two-input OC Bus Transceiver with Parity .................... 4-92 
Quad Bus Transceiver with Interface Logic ............. eee c eee eee 4-98 
Quad Bus Transceiver with Interface Logic ............... 0c eee eee 4-98 
Quad Three-State Bus Transceiver with Interface Logic .............. 4-107 
Quad Three-State Bus Transceiver with Interface Logic .............. 4-113 
Quad Three-State Bus Transceiver with Interface Logic .............. 4-119 
S-Bik Input/Output Port 4062 cite au tond eee Moree Pan 4-125 
4-Bit Parallel Bidirectional Bus Driver ............... 2. eee eee eee eee 4-132 
4-Bit Parallel Bidirectional Bus Driver ............ 0... cece e eee eee 4-132 
IEEE-488 Quad Bidirectional Transceiver................ cece ee eens 4-137 
Octal Buffer; Inverting, Three-State ....... 0... cece cee eee 4-13 
Octal Buffer; Non-Inverting, Three-State ... 2.2.2... . cee eee eee eee 4-17 
Quad Three-State Bus Transceiver ......... 2... cece eee eee eee eens 4-21 
. Quad Three-State Bus Transceiver ........... 00. c cece cece eee eens 4-21 
. Octal Buffer; Non-Inverting, Three-State .......... 0. ee eee ee eee eee 4-17 


Octal Buffer/Line Driver/Line Receiver 
with Three-State Outputs ........ 0... ccc eee eee een eees 4-142 
Octal Buffer/Line Driver/Line Receiver 


‘ with Three-State Outputs ........ 0... ccc cece teen we eaes 4-142 
Octal Buffer/Line Driver/Line Receiver 
with Three-State Outputs ..... OO ee ee care ne rics ear ere Sear nea 4-142 
‘Octal Buffer/Line Driver/Line Receiver 
with Three-State: Outs )s.2.0.62 2 ck aes seed poh ewe ekadiew Paks cscdss 4-142 
Octal Buffer/Line Driver/Line Receiver 
with Three-State Outputs ........ 2... cece eee eee eee en eeees 4-142 
Dual Line Receiver ca.ccieseee tava ddek ees wey feed eu aa ie 4-147 
Dual Line Receiver ......... 0... ccc cece eee eee eens A ETAT ON He 4-147 
Dual Line Driver occas aes oan pease wat LO ae aves ct by eine ees 4-153 
Dial Cin DRIVEN ea banknote attend i, Soe cw iha dow nas, ae ea hele wk Rae 4-153 
Three-State Octal Buffers ..... 0.0.0... cece cect cence 4-159 
Three-State Octal Buffers ....... 0... ccc ccc ee eee eens 4-159 
Three-State Octal Buffers ....... 0... cece cece ee eee eee 4-159 
‘Three-State Octal Burfers ccc. caivewecu ewes tuene Su ck Vancieslee knee 4-159 
Octal Three-State Inverting Bidirectional Transceiver ................ 4-163 
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Line Drivers/Receivers — Section IV (Cont.) 


Am73/8304B 
Am78/8820 
Am78/8820A 
Am78/8830 
Am78/8831 
Am78/8832 
Am78/8838 
Am8T26 
Am8T26A 
Am8T28 
Am8212 
Am8216 
Am8226 
Am9614 
Am9g615 
Am9616 
Am9617 


Application Notes 


Octal Three-State Bidirectional Transceiver ................ 0.0 cee eee 4-168 
Dual Differential Line Receiver ....... 0.0.0... ccc cece eee cece eens 4-173 _ 
Dual Differential Line Receiver .......... 0.0... ccc ce eee eee eee 4-173 
Dual Differential Line Driver........ 0.0.0... cc cece eee eens 4-178 
Three-State Line Driver 2.0.0.0... ccc ccc eee ee en ee eenes 4-182 
Three-State Line Driver /.. 0... ccc ce cece cet e teenies 4-182 
Quad Unified Bus Transceiver .......... 0... cece cece eee ee eee teens 4-188 
Schottky Three-State Quad Bus Driver/Receiver ..............-..-6. 4-190 
Schottky Three-State Quad Bus Driver/Receiver .................... 4-195 
Schottky Three-State Quad Bus Driver/Receiver .................05. 4-195 
S-Bit InpuvOutout Pot. 2. ekw ry eed Pee leete ene eteh cag ead toe 4-125 
4-Bit Parallel Bidirectional Bus Driver .............. 02. ccc eee ee eee 4-132 
4-Bit Parallel Bidirectional Bus Driver ........... 0... ccc eee eee eee eee 4-132 
Differential Line Driver .... 0.0... ccc cece ee eee ete e eens 4-200 
Dual Differential Line Receiver ........... 0... ccc eee ee eee ee eee eee 4-72 
Triple EIA RS-232C/MIL-STD-188C Line Driver ..................055 4-205 
RS-232C Line Receiver ....... 0... cee evens nccscceesesceccetvuces 4-209 


Use of the Am26LS29, 30, 31 and 32 Quad Driver/Receiver 
Family in GlA-422 and-423: Applications 2534402 eneiesic os eek eS WEN e Regie oe is Oe Ree ee Sate eae 4-45 


MOS Memory and Microprocessor Interface — Section V 


Am0026/0026C 
Am0056/0056C 
Am8224 
Am8228 
Am8238 


5MHz Two-Phase MOS Clock Driver ............0 cc cece eee eee eens 5-1 
5MHz Two-Phase MOS Clock Driver ...........2c cece e cece eee nees 5-7 
Clock Generator and Driver ............ 0c c cece cece eee te eee een eees 5-13 
System Controller and Bus Driver ............ 0... eee cee ee eee 5-20 
System Controller and Bus Driver ......... 0... ccc cee cece eee eee 5-20 


Operational Amplifiers — Section VI 


Am101/201/301 
Am101A/201A/301A 
Am102/202/302 
Am107/207/307 
Am108/208/308 
Am108A/208A/308A 
Am110/210/310 
Am112/212/312 
Am118/218/318 
Am124/224/324 
Am124A/224A/324A 
Am148/248/348 
Am149/249/349 
LF155/255/355 
LF155A/255A/355A 
LF156/256/356 
LF156A/256A/356A 
LF157/257/357 
LF157A/257A/357A 
Am216/316 
Am216A/316A 
Am715/715C 
Am725/725C 
$$S725/725B/725E 


Operational Amplifier :sc..23-cu800G ceundele es oreo heat tec aeeaues ee Ss 6-1 
Operational Amplifier es34 scape intenaese ty ee ea tied eae Re we eed 6-5 
Voltage FOlloW6l aici asic 045 2s iewaced hbase deen tae vase daeae be ale 6-10 
Frequency Compensated Operational Amplifier ..................08. 6-14 
Operational Amplifier... 0.0.2... 0... cc cece eee eee ete eee eens 6-18 
Operational Amplifier: 5.0 iva Ponta cadetdend eee Geter Siew a Des 6-18 
Voltage Follower, ic ctaccedenttN ee amet ae hehe hon eee Sead s 6-22 
Compensated, High-Performance Operational Amplifier .............. 6-26 
High-Speed Operational Amplifier ............... cece eee eee 6-30 
Quad Operational Amplifier ........... 0.0.00 cee eee cee eee eee eee 6-36 
Quad Operational Amplifier ......... 2.0... cece cee eee eee 6-36 
Quad 741 Operational Amplifier .......... 0.0... cece cere eee eee eee 6-41 
Quad 741 Operational Amplifier ........... 0.0... . cece eee ee eee eee 6-41 
Monolithic JFET Input Operational Amplifier .....................05. 6-43 
Monolithic JFET Input Operational Amplifier .....................46. 6-43 
Monolithic JFET Input Operational Amplifier ................. 0.0 eee 6-43 
Monolithic JFET Input Operational Amplifier ...................000-- 6-43 
Monolithic JFET Input Operational Amplifier .....................06. 6-43 
Monolithic JFET Input Operational Amplifier ....................0065 6-43 
Compensated, High-Performance Operational Amplifier .............. 6-51 
Compensated, High-Performance Operational Amplifier .............. 6-51 
High-Speed Operational Amplifier ............... 0. cece eee eee es 6-55 
Instrumentation Operational Amplifier .......... 0... 2... cece eee 6-59 
High-Performance Operational Amplifier............. 0... cece eee 6-64 
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Operational Amplifiers — Section VI (Cont.) 
Am741/741A/741C/741E Frequency-Compensated Operational Amplifier ..................05. 





$S$741/741C High-Performance Operational Amplifier. .............. 2... e eee eens 
Am747/747A/747C/747E Dual Frequency-Compensated Operational Amplifier 
$SS747/747C Dual 741 Operational Amplifier ........... 0... cc ccc eee eee ene eee 
Am748/748C Operational: AMpIllel <5 siceasavivenn daceev ewhiad ss enwantien Beane 
Am1501 Dual Operational Amplifier ............ 0.0. cece cee eee eee eens 
Am1558/1458 Dual Frequency-Compensated Operational Amplifier 
LH2101A/LH2201 A/ 

LH2301A Dual Operational Amplifier... 0.0... 0.0.0... cece ce eee eee nee enes 6-99 
Special Functions — Section VI 
Am592 Differential Video Amplifier.... 0.0.0.0... 0c ccc eee cee ce eee eee e eee 7-1 
Am733/733C Differential Video Amplifier......... 00... cece cece ee tee ee eee eee 7-4 
Voltage Regulators — Section VIII 
Am105/205/305/305A Voltage ReQuiaion aca iecwranee cS eedake a aides aaa ta ad weak areas 8-1 
Am723/723C VOlADE -ABGUIBIOl ato siinact tah ek at cay heer eae one nae Bote 8-5 
Section IX 
Package Ontines 3 io. ccc eh et tues wha cael Me Rawiea ees Rea sua le deo oe eae ar Ra SRSS asia wean eis 9-1 
GIlOSSaly soca ta yas ean wan natin dete tad reece Wie beacuse dere here dega dant Oita. 9-5 
AMD Field Sales Offices, Sales Representatives, Distributor Locations ............... fe, aceie nthe ae 9-10 
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SELECTION GUIDE 


OPERATIONAL AMPLIFIERS 
UNCOMPENSATED 


LM101 


LM748 


LM101A 


AM1501 


LH2101A 


725 


$SS725 


M108 


LM108A 


Page No. 


General Purpose, 500nA Ip, 5mV Vos 
General Purpose, 500nA Ip, 5mV Vos 
Improved General Purpose, 75nA Ip, 
2mV Vos 

Dual Improved General Purpose, 75nA 
IB, 2mV Vos 

Dual Improved General Purpose, 75nA 
Ig, 2mV Vos 

Instrumentation, 100nA Ip, 1mV Vos, 
5.0V/°C TCVIO 

Improved Instrumentation, 80nA Ip, 
5mV Vos, 1.0V/°C.TCVIO 

Low Input Current Precision, 2nA Ip, 
2mV Vos, 0.2nA IOS 

Low Input Current and Offset Voltage 
Precision, 2nA Ig, 0.5mV Vos, 0.2nA 
10S, 5uV/°C TCVIO 

High Speed, 15V/usec slew rate, 750nA 
1g, 5mV Vos 


INTERNALLY COMPENSATED 


741 
T41A,E 


S$SS741 
747 


747A,E 


$$8747 


AM1558 


LM124 
LM124A 


LM148 
LM149 


LM107 


LM112 


LM216 


LM216A 


LM118 


LFi55 


LF155A 


LF156 


LF156A 


LFi57A 


General Purpose, 500nA Ip, 5mMV Vos 
Improved General Purpose, 80nA Ip, 
3mV Vos, 30nA Ios, 50uV/VPSRR 
High Performance, 50nA Ip, 2mV Vos 
Dual General Purpose, 500nA Ip, 5mV 
Vos 

Dual Improved General Purpose, 80nA 
Ip, 3mV Vos, 30nA IQs, 50nV/VPSRR 
Dual High Performance, 50nA Ip, 2mV 
Vos 

Dual General Purpose, 500nA Ip, 5mV 
Vos 


- Quad General Purpose, 150nA Ip, 5mV 


Vos, Single or Dual Supply, 3 to 30V, 
1mW/op amp at +5V 

Quad 741, 500nA Ip, S5mV Vos 

Quad Decompensated, 500nA Ip, 5mV 
Vos Ay(min.) = 5 

Improved General Purpose, 75nA Ip, 
2mV Vos 

Low Input.Current Precision, 2nA Ip, 
2mV Vos 

Very Low Input Current Precision, 
150pA Ip, 10mV Vos 

Very Low Input Current Precision, 50pA 
!g, 3mV Vos 

High Speed, 50V/usec slew rate, 4mV 
Vos, 250nA Ig 

FET Input General Purpose, 5mV Vos, 
20pA Ios, 100pA Ip 

FET Input General Purpose, 2mV Vos, 
5uVPCTC Vio, 10pA Igs, 50pA Ip 


‘FET Input Wideband, 5mV Vos, 20pA 


los, 100PA Ip, 7.5V/usec SR 

FET Input Wideband, 2mV Vos, 5uV/°C 
TC Vig, 10pA Igs, 50pA Ip, 10V/ 
usec SR 

FET Input Wideband Decompensated, 
5mV Vos, 20pA Igs, t00PA Ip, 30V/ 
usec SR (Ay = 5) 

FET Input Wideband Decompensated, 
mV Vos, 5uV/°C TC V4, 10pA Igs, 
50pA Ig, 40V/usec SR (Ay = 5) 








VOLTAGE FOLLOWERS 
Page No. 


LM102 


Low Input Current, High Speed, 10nA 
1B, 5mMV Vos, 20V/psec slew rate, 10109 
Rin 

Improved Low Input Current, High 
Speed, 3nA Ip, 4mV Vos, 20V/usec slew 
rate, 10102 Rin 





VOLTAGE COMPARATORS 
Page No. | 


General Purpose, 100nA ‘Ip, 3mV Vos, 
250ns Response Time, 50V and 50mA 
Output 

Dual General Purpose, 100nA Ip, 3mV 
Vos, 250ns Response Time, 50V and 
50mA Output 

Dual General Purpose, 100nA Ip, 3mV 
Vos, 250ns Response Time, 50V and 
50mA Output 

High Speed, 20uA Ip, 2mV Vos, 40ns. 
Response Time, 24V and 100mA Output 
Dual General Purpose, 500nA !p, 4mV 
Vos, 80ns Response Time, 35V and 25mA 
Output, +5 or +15V Supply : 
Quad General Purpose, 100nA Ig, 2mV 
Vos, Single or Dual Supply 2 to 36V, 
ImW/comp. at +5V 

Very Fast ECL Output, 10uA Ig, 2mV 
Vos, 6.5ns Response Time 

Very Fast TTL Output, 102A Ip, 2mV 
Vos, 12ns Response Time 

Dual Very Fast ECL Output, 10uA Ip, 
2mV Vos, 6.5ns Response Time 


VOLTAGE REGULATORS 
Page No. 


LH2111 


AM1500 


LM139 
LM139A 


AM685 


AM686 


AM687 





General Purpose, 2-37V Output, 0.15% 
load reg., 50V input, 150mA Output 

General Purpose, 4.5-40V Output, 0.05% 
load reg., 50V input, 12mMA Output 







DATA CONVERSION PRODUCTS 


Page No. 


AM1508 8-Bit Multiplying D-to-A Converter, Ac- 
curacy 0.19%, Settling Time 300nsec typ. 
8-Bit Multiplying D-to-A Converter, Ac- 
curacy 0.1%, Settling Time 135nsec 

8-Bit High-Speed Multiplying D/A Converter 
Companding D-to-A Converter for Control! 
Systems 

Companding D-to-A Converter for Control 
Systems 

Companding D-to-A Converter for PCM 
Communication Systems 

Companding D-to-A Converter for PCM 
Communication Systems ; 


SSS1508A 


DAC-08 
AM6070 


AM6071 
AM6072 
AM6073 


AM6080 Microprocessor System Compatible 8-Bit 
High-Speed Multiplying D/A Converter 

Microprocessor System Compatible 8-Bit 
High-Speed Multiplying D/A Converter ~ 


Monolithic Sample and Hold Circuits 


AM6081 


LF198, 
298, 398 
AM2502, 
03, 04 


8-Bit/12-Bit Successive Approximation 
Registers 


SELECTION GUIDE (Cont.) 
LINE DRIVERS LINE RECEIVERS 


DUAL DIFFERENTIAL Use With DUAL DIFFERENTIAL Use With 
Open collector differential outputs 75107B 3603 Receiver with differential input to detect 75110 
typical current 6mA, inhibit controls 75108B signals > 25mV. Three-state outputs. 
12mA output current version of 75107B 75107B Totem-pole TTL output version of 75109 or 
Am75109 75108B Am363 75110 
Designed for single 5.0V supply 7820 or 75108B Open collector TTL output version of 75109 or 
operation 7820A Am363 75110 
Dual differential device which may also 9615 or 8820 Designed for +15V common mode 8830 
be used as a quad single-ended driver. 2615 using 5.0V supply 
Three-state output. 8820A Higher speed, tighter spec 8820 8830 
Similar to 8831 but no Ve¢ clamp 9615 or 9615 +15 volt common mode, 5 volt supply 9614 
diodes 2615 receivers with uncommitted collector 
5 volt supply driver with complementary 9615 and active pull-up controls 
outputs +15 volt common mode receiver with 
200mA transient capability with 1300 9620 direct and attenuated inputs 


back matching resistor QUAD DIFFERENTIAL 


+15 volt common mode, 5 volt supply, 26LS31 
three-state output 





DIFFERENTIAL EIA RS-422, 


FEDERAL STD 1020 
26LS31 Quad, high-speed, low output skew 26LS32 or 
26LS30 Dual; high output CMR 26LS33 


SINGLE ENDED 
2614 High-speed quad driver for multi-channel, 
common ground operation. 
SINGLE ENDED, EIA RS-232-C 
1488 Quad EIA RS-232C driver (14 pins) 


QUAD DIFFERENTIAL EIA RS-422, 


FEDERAL STD 1020 


26LS32 +7 volt common mode, 5 volt supply, 26LS31 
three-state output 


SINGLE ENDED 


2615 Receiver for 3 volt single-ended TTL 
level data 


SINGLE ENDED, EIA RS-232-C 


1489 Quad EIA RS-232C receiver with input 
threshold hysteresis 

1489A Higher threshold version of Am1489 

2617 Quad EIA RS-232 receiver specified 
over military temperature range (same 
pinout as Am1489A) 
Triple EIA RS-232 receiver with 
adjustable hysteresis 


SINGLE ENDED, EIA RS-423, 
BUS BUFFERS/DRIVERS FEDERAL STD 1030 


toad | lot 
(TYP) | (MAX) 
10 


25LS240 | Inverting octal buffer/driver with three- 48 
74LS240 | state output 10 24 
748240 4.5 68 
81LS96 9.0 16 


25LS241 | Non-inverting octal buffer/driver with 12 
74LS241 | three-state output 12 
748241 6.0 
81LS95 12 


25LS242 | Inverting buffer/driver with two quad 10 


2616 Quad 16-pin driver for EIA RS-232C, 
CCITT V.24 and MIL-188C interface 


9616 Triple EIA RS-232C driver (14 pins) 
SINGLE ENDED, EIA RS-423, FEDERAL STD 1030 


26LS29 Quad, three-state 26LS32 or 
26LS30 Quad, mode control 26LS33 





26LS32 +7 volt common mode, 5 volt supply, 26LS29 
three-state output 26LS30 





74LS242 | data paths connected input-to-output 10 
1748242 4.5 


25LS243 | Non-inverting buffer/driver with two 12 48 
74LS243 | quad data paths connected input-to- 12 24 
+74S243 output 6.0 68 


25LS244 | Non-inverting octal buffer/driver with 12 48 
74LS244 | three-state output and two inverting 12 24 
748244 enables 6.0 68 
81LS97 


12 16 
81LS98 Inverting octal buffer/driver with three- 
state output and two inverting enables 


tin development 











SELECTION GUIDE (Cont.) 
SPECIAL FUNCTIONS MOS-MICROPROCESSOR INTERFACE CIRCUITS 
TIMERS 


8080A/9080A 


8-Bit input/output port, with storage 
4-Bit parallel bidirectional bus driver 
Clock generator and driver 

Inverting version 8216 


555 Single, Precision oscillator/timer 
556 Dual version 555 





System controller and bus driver 


System controller and bus driver with extended 
MOS MEMORY OEM 


Two 8226's in one 20 pin package 
Two 8216's in one 20 pin package 


DRIVERS 


0026 Dual 5MHz Two-Phase MOS clock driver 
0056 0026 with added Vgz terminal 


SENSE AMPLIFIERS 
3604 Differential input for signals > 10mV, Three-state 
outputs 
75207 Totem-pole TTL output 3604 
75208 Open-collector 3604 





BUS TRANSCEIVERS 
Speed 
Hysteresis (Note 1) 


Am26S10 100mA-0.C. Inverting No SN55/75138 pin out 


Non-Inverting to bus; 
Inverting off bus 


Am26S12 100mA-O.C. Inverting Yes-0.6V Same pin out as DS78/8838 and 8T38 
Am26S12A 100mA-O.C. Inverting Yes-1.05V Wider threshold Am26S12 





Am26S11 100mA-0.C. No Same as Am26S10 except non-inverting to bus 











Am2905 100mA-0O.C. Inverting No Has 2-input multiplexer 





Am2906 100mA-0.C. Inverting No rae Has 2-input multiplexer and parity 


Am2907 100mA-O.C. Inverting No Raaee Includes parity, 2.0V receiver Vry 


Am2908 100mA-0.C. Inverting No ies Includes parity, 1.5V receiver Vry 
Am2915A 48mA/3-St Invertin No atts Has 2-input multiplexer 

: 9 (Note 2) P P 
Am2916A 48mA/3-St. Inverting No reer Has 2-input multiplexer and parity 
Am2917A 48mA/3-St. Inverting No Includes parity 


Am3216 50mA/3-St. Non-Inverting Same as 8216 except different A.C. loading spec 


Am3226 50mA/3-St. Inverting | 30ns | Same as 8216 except different A.C. loading spec 
| 32ns_—_| ‘IEEE 488 compatible 


No 
PN 
50mA-0.C. Inverting No Same pin out and function as Am26S12A and 8T38 
48mA/3-St. Inverting No Vou MOS compatible 
No 
No 
No 





























Am8T28 48mA/3-St. Non-Inverting Von MOS compatible 
Am8216 50mA/3-St. Non-Inverting Similar to 8T28 
Similar to 8T26A 











Am8226 50mA/3-St. Non-Inverting 


OCTAL 


Am8303B 48mA/3-St. Inverting 14ns Same as two 8226's in one 20 pin package 
Am8304B 48mA/3-St. Non-Inverting 24ns Same as two 8216's in one 20 pin package 


Notes: 1. Typical delay at 28°C for input to bus plus receiver to output. 
2. Bus enable to bus plus bus to receiver output. All parts include register or driver plus receiver with latch. 
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SELECTION GUIDE (Cont.) 


MONOSTABLES (ONE SHOTS) 











Pulse Width 
Variation (%) 
Temp. Voc 












Retrig- Dissipation | Package 


gerable 












Device No. Description 


tow = 55ns to », with guaranteed < 1% 
change over temperature range 





Am2600 













tpw = 55ns to ~, with guaranteed < 1% 
change over temperature range 





Am2602 


















Am26L02 
Am26L123 


Low-Power version 2602, tpw = 100ns to x 














Low-Power version 26123, tpw = 120ns to = 













High speed Schottky version 2602, tpw = 
28ns to x 





Am26S02 



















tpw = 45ns to ~, with guaranteed < 1% 
change over temperature range. Output 
stability latch improves noise immunity 






Am26123 















Same as 26123, except no output latch, 
no Atpw guarantee 





Am54/74123 















Am54/74221 
Am9600 


Schmitt-trigger input 















Same as 2600, except no Atpw guarantee 











Non-resettable version of 9600, tpy = 55ns 
to x 





Amg601 















Same as 2602, except tpw = 60ns to », no 
Atpw guarantee 





Amg602 
















Same as 26L02, except tpw guaranteed 


Am96L 
meee <1.6% change over temperature range 









INDUSTRY CROSS REFERENCE 


carer 5 : Texas 
* 


Manufacturer Identification Cross Reference 


Temperature Range Cross Reference 
15, 35, 96 1, 96, 78 52, 54, 55 


Pwitay | » | | ™ | 
abies i Cross Reference 


Premeicor | 0 [> | G0 | 
Pwowesoe [ee P 
Pwincwoes oe |r| ti 
Pratrece [| Fi 
ie 
a a SC 


















TO-5 Type Can 
TO-8 Type Can 


*The original manufacturers’ part number and package code are used for second source devices. 





FAIRCHILD FAIRCHILD (Cont.) 
9614 D M pA 556 D M 
Device Package Temperature Mfg.’s Device Package Temperature 
Type Type Range Ident. Type Type Range 


AMD AMD AMD AMD 
Direct Functional Direct Functional 
Replacement Replacement Replacement Replacement 


LM101D pA311P LM311N 
LM101H pA339D LM339D 
LM101AD pA339P LM339N 
LM101AF wA715DC 715DC 
LM101AH pA715DM 715DM 
LM102H wA715HC 715HC 
LM105H pA715HM 715HM 
LM107H pA723DC 723DC 
LM108AH wA723DM 723DM 
LM108H pA723HC 723HC 
LM110H wA723HM 723HM 
LM111H wA725HC 725HC 
LM139D A725HM 725HM 
AM1458H wAT25PC 725CN 
AM1558H wA733DC 733DC 
LM201D pA733DM 733DM 
LM201H wA733FM 733FM 
LM201AD wA733HC 733HC 
LM201AF pA733HM 733HM 
LM201AH wA741DC 741DC 
LM207H uA741DM 741DM 
LM208H wA741FM 741FM 
LM208AH wAT41HC 741HC 
LM301AD wA741HM 741HM 
LM301AH pA741ADM 741ADM 
LM301AN pAT41 AFM 741AFM 
LM302H pA741AHM 741AHM 
L.M305H A741 EDC 741EDC 
LM305AH pAT41 EHC 741EHC 
LM307H pA747DC 747DC 
LM308H uA747DM 747DM 
LM308AH wAT47HC 747HC 
LM310H wA747HM 747HM 
LM311H wA747PC 747PC 





FAIRCHILD (Cont.) FAIRCHILD (Cont.) 


AMD AMD AMD AMD 
Direct Functional Direct Functional 
Replacement Replacement Replacement Replacement 


1 A747ADM 
Bh A747AHM 
u#A747EDC 
H#A747EHC 
#A748DC 
“A748DM 
wA748FM 
“A748HC 
BA748HM 
“A748PC 
»A760DC 
A760DM 
pA760HC 
#A760HM 
#A775DM 
B#A775DC 
pA775PC 
54123DM 
54123FM 
55107ADM 
55107BDM 
55107AFM 
55107BFM 
55108ADM 
55108AFM 
55108BDM 
55108BFM 
55109DM 
55109FM 
55110DM 
55110FM 
5520DM 
5521DM 
55234DM 
55234FM 
55235DM 
55235FM 
55238DM 
55238FM 
55239DM 
55239FM 
5524DM 
5525DM 
55325DM 
55325FM 
74123DC 
74123PC 
75107ADC 
75107APC 
75107BDC 
75107BPC 
75108ADC 
75108APC 
75108BDC 
75108BPC 
75109DC 
75109PC 
75110DC 
75110PC 


747ADM 
747AHM 
747EDC 
747EHC 
748DC 
748DM 
748FM 
748HC 
748HM 
748PC 


LM139D 
LM339D 
LM339N 
SN54123J 
SN54123W 
SN55107BJ 
SN55107BJ 
SN55107BW 
SN55107BW 
SN55108BJ 
SN55108BW 
SN55108BJ 
SN55108BW 
SN55109J 
SN55109W 
SN55110J 
SN55110W 
SN5520J 
SN5521J 
SN55234J 
SN55234W 
SN55235J 
SN55235W 
SN55238J 
SN55238W 
SN55239J 
SN55239W 
SN5524J 
SN5525J 
SN55325J 
SN55325W 
SN74123J 
SN74123N 
SN75107BJ 
SN75107BN 
SN75107BJ 
SN75107BN 
SN75108BJ 
SN75108BN 
SN75108BJ 
SN75108BN 
SN75109J 
SN75109N 
SN75110J 
SN75110N 


AM686DC 
AM686DM 
AM686HC 
AM686HM 


1-15 


9600DC 
9600DM 
9600FM 
9600PC 
9601DC 
9601DM 
9601FM 
9601PC 
9602DC 
9602DM 
9602FM 
9602PC 
96L02DC 
96L02DM 
96L02FM 
96LO02PC 


9614DC 
9614DM 
9614FM 
9614PC 
9615DC 
9615DM 
9615FM 
9615PC 
9616DC 
9616DM 
9616EDC 
9616EPC 
9616FM 
9616PC 
9617DC 
9617PC 


AM26S10DC 
AM26S10DM 
AM26S10PC 
AM26S11DC 
AM26S11DM 
AM26S811PC 


AM26S02DC 
AM26S02PC 


AM26LS31 PC 
AM26LS31DC 
AM26LS31DM 
AM26LS33PC 
AM26LS33DC 
AM26LS33DM 
AM26LS30PC 
AM26LS30DC 
AM26LS30DM 
AM26LS32PC 
AM26LS32DC 
AM26LS32DM 
AM26LS32PC 
AM26LS32DC 
AM26LS32DM 


AM26S12APC 
AM26S12ADC 
AM26S12ADM 








INTEL MOTOROLA (Cont.) 


Motorola 


MC1408L6 
MC1408L7 
MC1408L8 
MC1458G 
MC1488L 
MC1488P 
MC1489L 
MC1489P 
MC1489AL 
MC1489AP 
MC1508L8 
MC1558G 
MC1723CG 
MC1723CL 
MC1723G 
MC1723L 
MC1733CG 
MC1733CL 


AMD 
Direct 


Replacement 


AM1408L6 
AM1408L7 
AM1408L8 
AM1458H 
MC1488L 
AM1488PC 
MC1489L 
AM1489PC 
MC1489AL 
AM1489APC 
AM1508L8 
AM1558H 
723HC 
723DC 
723HM 
723DM 
733HC 
733DC 





AMD 
Functional 
Replacement 





MC75110L 
MC75110P 
MC8T26L 
MC8T26P 
MC8601L 
MC8601P 
MC8602L 
MC8602P 
MC9601L 
MC9602L 
MLM101AG 
MLM105G 
MLM107G 
MLM110G 
MLM111F 
MLM111G 
MLM111L 
MLM201AG 
MLM205G 
MLM207G 
MLM210G 
MLM211G 


SN75110J 
SN75110N 
N8T26F 
N8T26B 
9601DC 
9601PC 
9602DC 
9602PC 
9601DM 
9602DM 
LM101AH 
LM105H 
LM107H 
LM110H 
LM111F 
LM111H 
LM111D 
LM210AH 
LM205H 
LM207H 
LM210H 
LM211H 


ae AMD AMD 
(ees es, ‘ 
—_— L_____. Motorola Direct Functional 
Temperature Package Device R 
eplacement Replacement 
Range Type Type 
MC1733F 733FM 
AMD AMD MC1733G 733HM 
Direct Functional MC1733L 733DM 
Replacement Replacement MC1741CG 741HC 
D3212 D3212 MC1741CL 741DC 
MD3212 MD3212 MC1741F 741FM 
P3212 P3212 MC1741G 741HM 
D3216 D3216 N8T28F MC1741L 741DM 
MD3216 MD3216 S8T28F MC1747CG 747HC 
P3216 P3216 N8T28B MC1747CL 747DC 
D3226 D3226 N8T26F MC1747G 747HM 
MD3226 MD3226 S8T26F MC1747L 747DM 
P3226 P3226 N8T26B MC1748CG 748HC 
D8212 D8212 MC1748G 748HM 
MD8212 AM8212DM MC26S10L AM26S10DC 
P8212 AM8212PC MC26S10P AM26S10PC 
D8216 D8216 N8T28F MC3438L AM26S12ADC 
MD8216 MD8216 S8T28F MC3438P AM26S12APC 
P8216 P8216 N8T28B MC3443L AM26S10DC 
D8224 D8224 MC3443P AM26S10PC 
MD8224 AM8224DM MC3448AL MC3448AL 
P8224 AM8224PC MC3448AP MC3448AP 
D8226 D8226 N8T26F MC3456L NE556F 
MD8226 MD8226 MC3456P NE556A 
S8T26F P8226 P8226 MC3486L AM26LS31DC 
N8T26B D8228 D8228 MC3486P AM26LS31PC 
MD8228 AM8228DM MC3487L AM26LS32DC 
P8228 AM8228PC MC3487P AM26LS32PC 
D8238 D8238 MC3556L SE556F 
MD8238 AM8238DM MC55107L SN55107BJ 
P8238 AM8238PC MC55108L SN55108BJ 
D8286 DP8304BJ MC55109L SN55109J 
P3287 DP8304BN MC55110L SN55110J 
D8287 DP8303BJ MC5524L SN5524J 
P8287 DP8303BN MC5525L SN5525J 
MC55325L SN55325J 
MC75107L SN75107BJ 
MOTOROLA MC75107P SN75107BN 
MCG 14 88 L MC75108L SN75108BJ 
ee [ete ea he es ees | MC75108P SN75108BN 
Mfg.’s Temperature Device Package MC75109L SN75109J 
Ident. Range Type Type MC75109P SN75109N 


AM2602DC 
AM2602PC 


AM2602DM 





MOTOROLA (Cont.) 





AMD AMD 
Motorola Direct Functional 
Replacement Replacement 

MLM211L LM211D 

MLM301AG LM301AH 

MLM301API LM301AN 

MLM305G LM305H 

MLM307G LM307H 

MLM310G LM310H 

MLM311G LM311H 

MLM211PI LM311N 

MLM311L LM311D 

MMH0026CG MH0026CH 

MMH0026CL MMHO026CL 

MMHO0026CPI MHO0026CN 

MMH0026G MH0026H 

MMHO0026L MMHO0026L 

NATIONAL 
DS 78 20 J 

—___] Saree ence al oe beet 
Mfg.’s Temperature Device Package 
Ident. Range Type Type 


DM54123J 
DM54123W 
DM54L123J 
DM54L123W 
DM71LS95J 
DM71LS96J 
DM71LS97J 
DM71LS98J 
DM74L123J 
DM74L123N 
DM74123J 
DM74123N 
DM81LS95J 
DM81LS95N 
DM81LS96J 
DM81LS96N 
DM81LS97J 
DM81LS97N 
DM81LS98J 
DM81LS98N 
DM8601J 
DM8601N 
DM8602J 
DM8602N 
DM9601J 
DM9601W 
DM9602J 
DM9602W 
DP7303BJ 
DP8&303BJ 
DP8304BJ 
DS0026CG 
DS0026CH 
DS0026CJ 
DS0026CN 
DS0026F 
DS0026G 
DS0026H 
DS0026J 


AMD 
Functional 
Replacement 


SN54123J 
SN54123W 


DM71LS95J 
DM71LS96J 
DM71LS97J 
DM71LS98J 


SN74123J 
SN74123N 
DM81LS95J 
DM81LS95N 
DM81LS96J 
DM81LS96N 
DM81LS97J 
DM81LS97N 
DM81LS98J 
DM81LS98N 
9601DC 
9601PC 
9602DC 
9602PC 
9601DM 
9601FM 
9602DM 
9602FM 
DP7304BJ 
DP8303BJ 
DP8304BJ 
MHO0026CG 
MHO0026CH 
MMH0026CL 
MHO026CN 
DS0026F 
MH0026G 
MH0026H 
MMH0026L 





AMD 
Direct 
Replacement 


AM26L123DM 
AM26L123FM 
SN54LS241J 
SN54LS240J 
SN54LS244J 
SN54LS240J 
AM26L123DC 
AM26L123PC 
AM26123DC 
AM26123PC 
SN74LS240J 
SN74LS240N 
SN74LS241J 
SN74LS241N 
SN74LS241J 
SN74LS241N 
SN74LS240J 
SN74LS240N 


AM2602DC 
AM2602PC 


AM2602DM 
AM2602FM 


National 


DSO056CG 
DS0056CH 
DSOO056CJ 
DSOOS6CN 
DS0056G 
DSOO056H 
DSO056J 
DS1488J 
DS1488N 
DS1489J 
DS1489N 
DS1489AJ 
DS1489AN 
DS1691J 
DS1692J 
DS3691J 
DS3691N 
DS3692J 
DS3692N 
DS3692N 
DS7820J 
DS7820AJ 
DS7830J 
DS7831J 
DS7832J 
DS7835J 
DS7838J 
DS8820J 
DS8820N 
DS8820AJ 
DS8820AN 
DS8830J 
DS8830N 
DS8831J 
DS8831N 
DS8832J 
DS8832N 
DS8835J 
DS8835N 
DS8838J 
DS8838N 
DS55107J 
DS55108J 
DS55109J 
DS55110J 
DS75107J 
DS75107N 
DS75108J 
DS75108N 
DS75109J 
DS75109N 
DS75110J 
DS75110N 
LF155H 
LF155AH 
LF156H 
LF156AH 
LF157H 
LF157AH 
LF198H 
LF255H 
LF256H 
LF257H 
LF298H 


NATIONAL (Cont.) 


AMD 
Direct 
Replacement 


DSOO056CG 
DSOO56CH 
DS0056CJ 
DSOO56CN 
DSOO56G . 
DS0056H 
DSOO056J 
MC1488L 
AM1488PC 
MC1489L 
AM1489L 
MC1489AL 
AM1489APC 
AM26LS30DM 
DS1692J 
AM26LS30DC 
AM26LS30PC 
DS3692J 
DS3692J 
DS3692N 
DM7820J 
DM7820AJ 
DM7830J 
DM7831J 
DM7832J 


DS7838J 
DM8820J 
DM8820N 
DM8820AJ 
DM8820AN 
DM8830J 
DM8830N 
DM8831J 
DM8831N 
DM8832J 
DM8832N 


DS8838J 
DS8838N 
SN55107BJ 
SN55108BJ 
SN55109J 
SN55110J 
SN75107BJ 
SN75107BN 
SN75108BJ 
SN75108BN 
SN75109J 
SN75109N 
SN75110J 
SN75110N 
LF155H 
LF155AH 
LF156H 
LF156AH 
LF157H 
LF157AH 
LF198H 
LF255H 
LF256H 
LF257H 
LF298H 





AMD 
Functional 
Replacement 





S8T26F 
AM26S12ADM 


N8T26F 
N8T26B 
AM26S12ADC 
AM26S12APC 


LF355H 
LF355N 
LF355AH 
LF356H 
LF356N 
LF356AH 
LF357H 
LF357N 
LF357AH 
LF398H 
LH2101AD, J 
LF2101AF 
LF2111D, J 
LH2111F 
LH2201AD, J 
LH2201AF 
LH2211D, J 
LH2211F 
LH2301AD, J 
LH2311D, J 
LM101D, J 
LM101F 
LM101H 
LM101AD, J 
LM101AF 
LM101AH 
LM102D, J 
LM102F 
LM102H 
LM105F 
LM105H 
LM106F 
LM106H 
LM107D, J 
LM107F 
LM107H 
LM108D, J 
LM108F 
LM108H 
LM108AD, J 
LM108AF 
LM108AH 
LM110D, J 
LM110F 
LM110H 
LM111D, J 
LM111F 
LM111H 
LM112D, J 
LM112F 
LM112H 
LM118D, J 
LM118F 
LM118H 
LM119D, J 
LM119F 
LM119H 
LM124D, J 
LM124F 
LM139D, J 
LM139AD, J 
LM139F 
LM139AF 
LM148D 


NATIONAL (Cont.) 


AMD 
Direct 
Replacement 


LF355H 
LF355N 
LF355AH 
LF356H 
LF356N 
LF356AH 
LF357H — 
LF357N 
LF357AH 
LF398H 
LH2101AD 
LH2101AF 
LH2111D 
LH2111F 
LH2201AD 
LH2201AF 
LH2211D 
LH2211F 
LH2301AD 
LH2311D 
LM101D 
LM101F 
LM101H 
LM101AD 
LM101AF 
LM101AH 
LM102D 
LM102F 
LM102H 
LM105F 
LM105H 
LM106F 
LM106H 
LM107D 
LM107F 
LM107H 
LM108D 
LM108F 
LM108H 
LM108AD 
LM108AF 
LM108AH 
LM110D 
LM110F 
LM110H 
LM111D 
LM111F 
LM111H 
LM112D 
LM112F 
LM112H 
LM118D 
LM118F 
LM118H 
LM119D 
LM119F 
LM119H 
LM124D 
LM124F 
LM139D 
LM139AD 
LM139F 
LM139AF 
LM148D 


AMD 
Functional 
Replacement 


LM149D 
LM201H 
LM201AD, J 
LM201AF 
LM201AH 
LM202H 
LM205H 
LM206H 
LM207D, J 
LM207F 
LM207H 
LM208AD, J 
LM208AF 
LM208AH 
LM208D, J 
LM208F 
LM208H 
LM210D, J 
LM210H 
LM211D, J 
LM211F 
LM211H 
LM212D, J 
LM212F 
LM212H 
LM216D, J 
LM216AF 
LM216AH 
LM216D, J 
LM216F 
LM216H 
LM218D, J 
LM218F 
LM218H 
LM219D, J 
LM219F 
LM219H 
LM224D, J 
LM239D, J 
LM239AD, J 
LM248D 
LM249D 
LMS3O1AD, J 
LM301AF 
LM301AH 
LM301AN 
LM302F 
LM302H 
LM305F 
LM305H 
LM305AH 
LM306F 
LM306H 
LM307D, J 
LM307F 
LM307H 
LM308AD, J 
LM308AF 
LM308AH 
LM308AN 
LM308D, J 
LM308F 
LM308H 
LM308N 


NATIONAL (Cont.) 


AMD 
Direct 
Replacement 


LM149D 
LM201H 
LM201AD 
LM201AF 
LM201AH 
LM202H 
LM205H 
LM206H 
LM207D 
LM207F 
LM207H 
LM208AD 
LM208AF 
LM208AH 
LM208D 
LM208F 
LM208H 
LM210D 
LM210H 
LM211D 
LM211F 
LM211H 
LM212D 
LM212F 
LM212H 
LM216AD 
LM216AF 
LM216AH 
LM216D 
LM216F 
LM216H 
LM218D 
LM218F 
LM218H 
LM219D 
LM219F 
LM219H 
LM224D 
LM239D 
LM239D 
LM248D 
LM249D 
LM301AD 
LM301AF 
LM301AH 
LM301AN 
LM302F 
LM302H 
LM305F 
LM305H 
LM305AH 
LM306F 
LM306H 
LM307D 
LM307F 
LM307H 
LM308AD 
LM308AF 
LM308AH 
LM308AN 
LM308D 
LM308F 
LM308H 
LM308N 


AMD 
Functional 
Replacement 





LM310D, J 
LM310F 
LM310H 
LM310N 
LM311D, J 
LM311F 
LM311N 
LM312D, J 
LM312F 
LM312H 
LM316AD, J 
LM316AF 
LM316AH 
LM316D, J 
LM316F 
LM316H 
LM318D, J 
LM318F 
LM318H 
LM318N 
LM319H 
LM319D, J 
LM319N 
LM324D, J 
LM324N 
LM339D, J 
LM339AD, J 
LM339N 
LM339AN 
LM348D 
LM348N 
LM349D 
LM349N 
LM723D, J 
LM723H 
LM723CD, J 
LM723CH 
LM725H 
LM725CH 
LM725CN 
LM725D, J 
LM725CD, J 
LM733D, J 
LM733H 
LM733CD, J 
LM733CH 
LM741D, J 
LM741F 
LM741H 
LM741CD, J 
LM741CF 
LM741CH 
LM747D, J 
LM747H 
LM747F 
LM747CD, J 
LM747CP 
LM747CH 
LM747CN 
LM478H 
LM748CH 
LM748CN 
LM1458H 
LM1558H 


LM310D 
LM310F 
LM310H 
LM310N 
LM311D 
LM311F 
LM311N 
LM312D 
LM312F 
LM312H 
LM316AD 
LM316AF 
LM316AH 
LM316D 
LM316F 
LM316H 
LM318D 
LM318F 
LM318H 
LM318N 
LM319H 
LM319D 
LM319N 
LM324D 
LM324N 
LM339D 
LM339AD 
LM339N 
LM339AN 
LM348D 
LM348N 
LM349D 
LM349N 
723DM 
723HM 
723DC 
723HC 
725HM 
725HC 
725CN 
725DM 
725DC 
733DM 
733HM 
733DC 
733HC 
741DM 
741FM 
741HM 
741DC 
741FC 
741HC 
747DM 
747HM 
747FM 
747DC 
747PC 
747HC 
747PC 
748HM 
748HC 
748PC 
AM1458H 
AM1558H 





LM101F 
LM101T 
LM101AF 
LM101AT 
LM107F 
LM107T 
LM108F 
LM108T 
LM108AF 
LM108AT 
LM111F 
LM111T 
LM119H 
LM119D 
LM124F 
LM139F 
LM201T 
LM201AF 
LM201AT 
LM201AV 
LM207F 
LM207T 
LM208F 
LM208T 
LM208AF 
LM208AT 
LM211F 
LM211T 
LM219H 
LM219D 
LM224F 
LM239F 
LM301AT 
LM301AV 
LM307F 
LM307T 
LM308F 
LM308T 
LM308V 
LM308AF 
LM308AT 
LM311F 
LM311T 
LM311V 
LM319H 
LM319D 
LM319A 
LM324A 
LM324F 
LM339A 
LM339F 
MC1488F 
MC1489F 
MC1489AF 
NES29K 
NE592K 
N74123B 
N74123F 
N74221B 
N74221F 


AMD 
Direct 
Replacement 


LM101D 
LM101H 
LM101AD 
LM101AH 
LM107D 
LM107H 
LM108D 
LM108H 
LM108AD 
LM108AH 
LM111D 
LM111H 
LM119H 
LM119D 
LM124D 
LM139D 
LM301H 
LM201AD 
LM201AH 
LM201AN 
LM207D 
LM207H 
LM208D 
LM208H 
LM208AD 
LM208AH 
LM211D 
LM211H 
LM219H 
LM219D 
LM224D 
LM239D 
LM301AH 
LM301AN 
LM307D 
LM307H 
LM308D 
LM308H 
LM308N 
LM308AD 
LM308AH 
LM311D 
LM311H 
LM311N 
LM319H 
LM319D 
LM319N 
LM324N 
LM324D 
LM339N 
LM339D 
MC1488L 
MC1489L 
MC1489AL 


AM592HC 
SN74123N 
SN74123J 
SN74221N 
SN74221J 


NATIONAL (Cont.) SIGNETICS 
NE 555 Vv 
AMD AMD 
Direct Functional Ls ae ee ese 
Replacement Replacement Temperature Device Package 
Range Type Type 


AMD 
Functional 
Replacement 


AM686HC 








N8T22A 
N8T22F 
N8T26B 
N8T26F 
N8T26AB 
N8T26AF 
’ N8T28B 
N8T28F 
N8T38B 
N8T38F 
N9602B 
N9602F 
SE529K 
SE555T 
SE556F 
SE592A 
SE592K 
$54123F 
$54221F 
S9602F 
S8T26F 
S8T26AF 
$8T28F 
S8T38F 
pA723CF 
pA723CL 
B723F 
BA723L 
pBA733CA 
pA733CF 
pA733CK 
pA733F 
pA733K 
A741 CF 
pA741CT 
BAT4S1F 
BAT41T 
uA747CA 
wA747CF 
pA747CK 
BAT4S7F 
pBhA747K 
phA748CT 
BAT48F 
pA748T 


SN 
eneereer 


Mfg.’s 
Ident. 


Texas 
Instruments 


SN52101 AJ 
SN52101AL 


SN52101AZ 
SN52105L 
SN52106FA 
SN52106L 
SN52107J 
SN52107L 


SIGNETICS (Cont.) 


AMD 
Direct 
Replacement 


9601PC 
9601DC 
N8T26B 
N8T26F 
N8T26AB 
N8T26AF 
N8T28B 
N8T28F 


AMD 
Functional 
Replacement 


DS8838N 
DS8838J 
9602PC 
9602DC 
AM686HM 
SE555T 
SE556F 
AM592PC 
AM592HM 
SN54123J 
SN54221J 
9602DM 
S8T26F 
S8T26AF 
S8T28F 
DS7838J 
723DC 
723HC 
723DM 
723HM 
733PC 
733DC 
733HC 
733DM 
733HM 
741DC 
741HC 
741DM 
741HM 
747PC 
747DC 
747HC 
747DM 
747HM 
748HC 
748DM 
748HM 





TEXAS INSTRUMENTS 


75 110 N 
sae eee) Rent (haves 
Temperature Device Package 
Range Type Type 


AMD 
Direct 
Replacement 


LM101AD 
LM101AH 
LM101AF 
LM105H 
LM106F 
LM106H 
LM107D 
LM107H 


AMD 
Functional 
Replacement 
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TEXAS INSTRUMENTS (Cont.) 


Texas 
Instruments 


SN52107Z 
SN52108AFA 
SN52108AJA 
SN52108AL 
SN52108FA 
SN52108JA 
SN52108L 
SN52111FA 
SN52111J 
SN52111L 
SN52118FA 
SN52118JA 
SN52118L 
SN52723J 
SN52723L 
SN52733FA 
SN52733J 
SN52733L 
SN52741FA 
SN52741JA 
SN52741L 
SN52747FA 
SN52747JA 
SN52747L 
SN52748FA 
SN52748JA 
SN52748L 
SN54L123J 
SN54L123W 
SN54LS123J 
SN54LS123W 
SN54LS240J 
SN54LS241J 
SN54LS242J 
SN54LS243J 
SN54LS244J 
SN54S240J 
SN54S241J 
SN54123J 
SN54123W 
SN54221J 
SN54221W 
SN55107AJ 
SN55107BJ 
SN55108AJ 
SN55108BJ 
SN55109J 
SN55110J 
SN55114J 
SN55114W 
SN55115J 
SN55115W 
SN55182J 
SN55182W 
SN55183J 
SN55183W 
SN55369J 
SN72301Ad 
$SN72301AL 
SN72305L 
SN72306L 
$N72307J 
SN72307L 
SN72308AJA 


AMD 
Direct 


Replacement 


LM107F 
LM108AF 
LM108AD 
LM108AH 
LM108F 
LM108D 
LM108H 
LM111F 
LM111D 
LM111H 
LM118F 
LM118D 
LM118H 
723DM 
723HM 
733FM 
733DM 
733HM 
741FM 
741DM 
741HM 
747FM 
747DM 
747HM 
748FM 
748DM 
748HM 


SN54LS123L 


SN54LS123W 


SN54LS240J 
SN54LS244 J 
SN54LS242J 
SN54LS243J 
SN54LS244J 
SN54S240J 
SN54S241J 
SN54123J 
SN54123W 
SN54221J 
SN54221W 
SN55107BJ 
SN55107BJ 
SN55108BJ 
SN55108BJ 
SN55109J 
$N55110J 
9614DM 
9614FM 
9615DM 
9615DM 
DM7820AJ 
DM7820AW 
DM7830J 
DM7830W 
MMH0026L 
LM301AD 
LM301AH 
LM305H 
LM306H 
LM307D 
LM307H 
LM308AD 


AMD 
Functional 
Replacement 


AM26L123DM 

AM26L123FM 

AM25LS123AM 
AM25LS123FM 
AM25LS240DM 
AM25LS241DM 
AM25LS242DM 
AM25LS243DM 
AM25LS244DM 


AM26123DM 
AM26123DM 





TEXAS INSTRUMENTS (Cont.) 


Texas 
Instruments 


SN72308AL 
SN72308JA 
SN72308L 
SN72311J 
SN72311L 
SN72318JA 
SN72318L 
SN72723J 
SN72723L 
SN72733J 
SN72733L 
SN72741JA 
SN72741L 
SN72747JA 
SN72747L 
SN72748JA 
SN72748L 
SN74L123J 
SN74L123N 
SN74LS123J 
SN74LS123N 
SN74LS240J 
SN74LS240N 
SN74LS241J 
SN74LS241N 
SN74LS242J 
SN74LS242N 
SN74LS243J 
SN74LS243N 
SN74LS244J 
SN74LS244N 
SN74LS424J 
SN74LS424N 
SN74S240J 
SN74S240N 
SN74S241J 


AMD 
Direct 
Replacement 


LM308AH 
LM308D 
LM308H 
LM311D 
LM311H 
LM318D 
LM318H 
723DC 
723HC 
733DC 
733HC 
741DC 
741HC 
747DC 
747HC 
748DC 
748HC 


SN74LS123J 
SN74LS123N 
SN74LS240J 
SN74LS240N 
SN74LS241J 
SN74LS241N 
SN74LS242J 
SN74LS242N 
SN74LS243J 
SN74LS243N 
SN74LS244J 
SN74LS244N 
D8224 

P8224 
SN74S240J 
SN74S240N 
SN74S241J 


AMD 
Functional 
Replacement 


AM26L123DC 

AM26L123PC 

AM25LS123DC 
AM25LS123PC 
AM25LS240DC 
AM25LS240PC 
AM25LS241DC 
AM25LS241PC 
AM25LS242DC 
AM25LS242PC 
AM25LS243DC 
AM25LS243PC 
AM25LS244DC 
AM25LS244PC 





TEXAS INSTRUMENTS (Cont.) 


AMD 
Direct 
Replacement 


Texas 
Instruments 


SN74S241N 
SN74S412J 
SN74S412 
SN74123J 
SN74123N 
SN74221J 
SN74221N 
SN75107AJ 
SN75107AN 
SN75107BJ 
SN75107BN 
SN75108AJ 
SN75108AN 
SN752108BJ 
SN75108BN 
SN75109J 
SN75109N 
SN75110J 
SN75110N 
SN75114J 
SN75114N 
SN75115J 
SN75115 
SN75182J 
SN75182N 
SN75183J 
SN75183N 
SN75188J 
SN75188N 
SN75189J 
SN75189N 
SN75189AJ 
SN75189AN 
SN75369J 
SN75369P 


SN74S241N 
D8212 
P8212 
SN74123J 
SN74123N 
SN74221J5 
SN74221N 
SN74107BJ 
SN75107BN 
SN75107BJ 
SN75107BN 
SN75108BJ 
SN75108BN 
SN75108BJ 
SN75108BN 
SN75109J 
SN75109N 
SN75110J 
SN75110N 
9614DC 
9614PC 
9615DC 
9615PC 
DM8820AJ 
DM8820AN 
DM8830J 
DM8830N 
MC1488L 
AM1488PC 
MC1489L 
AM1489PC 
MC1489AL 
AM1489APC 
MMHO0026CL 
MHO0026CN 





AMD 
Functional 
Replacement 





AM26123DC 
AM26123PC 


DICE POLICY 


Advanced Micro Devices, interface and linear products are all available in dice form. 


ELECTRICAL CHARACTERISTICS 

Each die is electrically tested to the commercial or military grade DC parameters 
to guardbanded limits at 25°C to guarantee operation over the temperature 
range. 


QUALITY ASSURANCE 
All dice are 100% visually inspected to the requirements of MIL-STD-883A, 
Method 2010.2, condition B. 


All dice are glass passivated with only the bonding pads exposed to provide 
scratch protection. All dice are provided without gold backing. 


SHIPPING PACKAGES/ORDER INFORMATION 
All dice are packaged in containers with individual compartments which prevent 
damage to the die during shipping. 


Minimum order for AMD dice is 10 pcs. 


SPECIAL CHIP PROCESSING 
\f there is a need for additional testing or processing, contact AMD for detailed 
information. 


See following pages on ordering information for detail ordering number. 
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ORDERING INFORMATION 


ORDER NUMBER 
— 55°C to +125°C 


ORDER NUMBER 
0°C to +70°C 


DEVICE 


NUMBER 


Am592 
Am685°* 
Am686 
Am687* 
Am1500 
° 


Amt1501 


Am1508 


Am1558 


Am25 Series 
Am2502 
Am2503 
Am2504 
Am25L02 
Am25L03 
Am25L04 
Am25LS240 
Am25LS241 
Am25LS242 
Am25LS243 
Am25LS244 


Am26 Series 
Am2600 
Am2602 
Am2614 
Am2615 
Am2616 
Am2617 
Am26123 
Am26LS29 
Am26LS30 
Am26LS31 
Am26LS32 
Am26LS33 
Am26L02 
Am26L123 
Am26S02 
Am26S10 
Am26S11 
Am26S12 
Am26S12A 


Am29 Series 
Am2905 
Am2906 
Am2907 
Am2908 
Am2915A 
Am2916A 
Am2917A 


Am32XX Series 
Am3212 
Am3216 
Am3226 


Am6070 
Am6072 
Am6073 
Am6080 
Am6081 


DAC-08 


DM, OP or DS Series 
DS0056 (8 pin) 
DS0056 (12 pin) 
DS0056 (14 pin) 
DS16/3692 
DM71/81LS95 
DM71/81LS96 
DM71/81LS97 
DM71/81LS98 
DM78/8820 
DM78/8820A 
0M78/8830 
DM78/8831 
DM78/8832 

+DM73/8303B 
DP73/8304B 
0S78/8838 


AM592HC 
AM685HL 
AM686HC 


AM1458H 


DSO056CH 
DS0056CG 


Hermetic 
DIP 


AM592DC 
AM685DL 
AM686DC 
AM687DL 
AM15000C 


AM1501DC 


AM1408L8 
AM1408L7 
AM1408L6 


AM2502DC 
AM2503DC 
AM2504DC 
AM25L02DC 
AM25L03DC 
AM25L04DC 
AM25LS240DC 
AM25LS241DC 
AM25LS242DC 
AM25LS243DC 
AM25LS244DC 


AM2600DC 
AM2602DC 
AM2614DC 
AM2615DC 
AM2616DC 
AM2617DC 
AM26123DC 
AM26LS29DC 
AM26LS30DC 
AM26LS31DC 
AM26LS32DC 
AM26LS33DC 
AM26L02DC 
AM26L123DC 
AM26S02DC 
AM26S10DC 
AM26S11DC 
AM26S12DC 
AM26S12ADC 


AM2905DC 
AM2906DC 
AM2907DC 
AM2908DC 
AM2915ADC 
AM2916ADC 
AM2917ADC 


AM6070D0C 


AM6080DC 
AM6081DC 
AMDAC-08EQ 
AMDAC-08CQ 


DSo056J 
DS3692J 
DM81LS95N 
DM81LS96N 
DM81LS97N 
DM81LS98N 
DM8820J 
DM8820AJ 
DM8830J 
DM8831J 
DM8832J 
DP8303BJ 
DP8304BJ 
0S8838J 


Molded 
DIP 


AM592PC 


AM2502PC 
AM2503PC 
AM2504PC 
AM25L02PC 
AM25L03PC 
AM25L04PC 
AM25LS240PC 
AM25LS241PC 
AM25LS242PC 
AM25LS243PC 
AM25LS244PC 


AM2600PC 
AM2602PC 
AM2614PC 
AM2615PC 
AM2616PC 
AM2617PC 
AM26123PC 
AM26LS29PC 
AM26LS30PC 
AM26LS31PC 
AM26LS32PC 
AM26LS33PC 
AM26L02PC 
AM26L123PC 
AM26S02PC 
AM26S10PC 
AM26S11PC 
AM26S12PC 
AM26S12APC 


AM2905PC 
AM2906PC 
AM2907PC 
AM2908PC 
AM2915APC 
AM2916APC 
AM2917APC 


AM6070PC 


AM6080PC 
6081PC 


DSOOS6CN 


DS3692N 
DM81LS95J 
DM81LS96J 
DM81LS97J 
DMB1LS98J 
DM8820N 
DM8820AN 
DM8830N 
DM8831N 
DM8832N 
DP8303BN 
DP8304BN 
DS8838N 


AMO056CX 


Metal 


AMS592XC 
AM685XL 
AM686XC 
AM687XL 


AM592HM 
AM685HM 
AM686HM 


AM1558H 


AM2502XC 
AM2503XC 
AM2504XC 
AM25L02XC_. 
AM25L03XC 
AM25L04XC 
AM25LS240XC 
AM25LS241XC 
AM25LS242XC 
AM25LS243XC 
AM25LS244XC 


AM2600XC 
AM2602XC 
AM2614XC 
AM2615XC 
AM2616XC 
AM2617XC 
AM26123XC 
AM26LS29XC 
AM26LS30XC 
AM26L831XC 
AM26LS32XC 
AM26LS33XC 
AM26L02XC 
AM26L123XC 
AM26S02XC 
AM26S10XC 
AM26S11XC 
AM26S12XC 
AM26S12AXC 


AM2905XC 
AM2906XC 
AM2907XC 
AM2908XC 
AM2915AXC 
AM2916AXC 
AM2917AXC 


AM8212XC 
AM8212XC 
AM8226XC 


6070XC 


6080XC 
6081XC 


DSOO56H 
DS0056G 


AM81LS95X 
AM81LS96X 
AM81LS97X 
AM81LS98X 
AM8820X 
AM8820AX 
AMB8830X 
AM8831X 
AM8832X 
AM8303BX 
AM8304BX 
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Hermetic 
DIP 


AM592DM 
AM685DM- 
AM686DM 
AM687DM 
AM1500DM 
AM15000L 
AM1501DM 
AM15010L 
AM1508L8 


AM2502DM 
AM2503DM 
AM2504DM 
AM25L02DM 
AM25L03DM 
AM25L04DM 
AM25LS240DM 
AM25LS2410M 
AM25LS242DM 
AM25LS243DM 
AM25LS244DM 


AM2600DM 
AM2602DM 
AM2614DM 
AM2615DM 
AM2616DM 
AM2617DM 
AM26123DM 
AM26LS29DM 
AM26LS30DM 
AM26LS31DM 
AM26LS32DM 
AM26LS33DM 
AM26L02DM 
AM26L123DM 
AM26S02DM 
AM26S10DM 
AM26S11DM 
AM26S12DM 
AM26S12ADM 


AM2905DM 
AM2906DM 
AM2907DM 
AM2908DM 
AM2915ADM 
AM2916ADM 
AM2917ADM 


MD3212 
MD3216 
MD3226 


AM60700M 


AM6080DM 
AM6081DM 
AMDAC-08AQ 
AMDAC-08Q 


DSO056J 
DS1692J 
DM71LS95J 
DM71LS96J 
DM71LS97J 
DM71LS98J 
DM7820J 
DM7820AJ 
DM7830J 
DM7831J 
DM7832J 
OP7303BJ 
DP7304BJ 
0S7838J 


Flat Pak 


AM1500FM 
AM1500FL 
AM1501FM 
AM15091FL 


AM2502FM 
AM2503FM 
AM2504FM 
AM25L02FM 
AM25L03FM 
AM25L04FM 
AM25LS240FM 
AM25LS241FM 
AM25LS242FM 
AM25LS243FM 
AN25LS244FM 


AM2600FM 
AM2602FM 
AM2614FM 
AM2615FM 
AM2616FM 
AM2617FM 
AM26123FM 
AM26LS29FM 
AM26LS30FM 
ANM26LS31FM 
AM26LS32FM 
AM26LS33FM 
AM26L02FM 
AM26L123FM 
AM26S02FM 
AM26S10FM 
AM26S11FM 
AM26S12FM 
AM26S12AFM 


AM2905FM 
AM2S906FM 
AM2907FM 
AM2908FM 
AM2915AFM 
AM2916AFM 
AM2917AFM 


Am6071 


0S1692W 
DM71LS95W 
DM71LS96W 
OM71LS97W 
DM71LS98W 
DM7820W 
DM7820AW 
DM7830W 
DM7831W 
DM7832W 
DP7303BW 
DP7304BW 
DS7838W 


Dice 


AM592XM 
AM685XM 
AM686XM 
AM687XM 


AM2502XM 
AM2503XM 
AM2504XM 
AM25L02XM 
AM25L03XM 
AM25L04XM 
AM25LS240XM 
AM25LS241XM 
AM25LS242XM 
AM25LS243XM 
AM25LS244XM 


AM2600XM 
AM2602XM 
AM2614XM 
AM2615XM 
AM2616XM 
AM2617XM 
AM26123XM 
AM26LS29XM 
AM26LS30XM 
AM26LS31XM 
AM26LS32XM 
AM26LS33XM 
AM26L02XM 
AM26L123XM 
AM26S02XM 
AM26S10XM 
AM26S11XM 
AM26S12XM 
AM26S12AXM 


AM2905XM 
AM2906XM 
AM2907XM 
AM2908XM 
AM2915AXM 
Am2916AXM 
AM2917AXM 


AMO056X 


AM71LS95X 
AM71LS96X 
AM71LS97X 
AM71LS98X 
AM7820X 
AM7820AX 
AM7830X 
AM7831X 
AM7832X 
AM7303BX 
AM7304BX 








ORDERING INFORMATION (Cont.) 


ORDER NUMBER 
o°c to +70°C 


Hermetic 
DIP 


ORDER NUMBER 
DEVICE — 58°C to +125°C 
NUMBER Molded Metal vounei 


DIP Can Fiat Pak Dice 


LH2101A 
LM101 


LM101A 


* 


LM102 


LM108 


* 


LM108A 


* 


LM110 


LM118 


* 


LM119 


* 


LM124 


* 


LM124A 


LM139 


* 


LM139A 


* 


LM148 


. 


LM149 


* 


LF155 


LFI55A 


LF156 


* 


LF1I6A 


LF157 


LF157A 


LF198 


* 


LM216 


LM216A 


* 


MC1488 
MC1489 
MC1489A 
MC3448A 
MH0026 (8 pin) 
MH0026 (12 pin) 
MH0026 (14 pin) 


LM301H 


LM301AH 


LM302H 


LM305H 
LM305AH 
LM306H 


LM307H 


LM308H 


LM308AH 


LM310H 


LM311H 


LM312H 


LM318H 


LM319H 


LF355H 


LF355AH 


LF356H 


LF356AH 


LF357H 


LF357AH 


LF398H 


LM316H 


LM316AH 


MH0026CH 
MH0026CG 


LH2301AD 
LM301D 


LM301AD 


LM302D 


LM306D 


LM307D 


LM308D 


LM308AD 


LM310D 


LM311D 


M312D 


LM318D 


LM319D 


LM324D 


LM324AD 


LM339D 


LM339AD 


LM348D 


LM349D 


LM316D 


LM316AD 


MC1488L 
MC1489L 
MC1489AL 
MC344B8AL 


MMHO026CL 


LM301N 
LM201N 
LM301AN 
LM201AN 


LM308N 


LM308AN 


LM310N 


LM311N 


LM318N 


LM319N 


LM324N 


LM324AN 


LM339N 


LM339AN 


LM348N 


LM349N 


LF355N 


LF356N 


LF357N 


AM1488PC 
AM1489PC 
AM1489APC 
MC3448APC 
MH0026CN 


LO301 
LD301A 


LD302 


LD308 
LD308A 


LD310 


LD318 
LO319 
LO324 


LD324A 


LD339 
LD339A 
LD348 
LD349 
LD355 
LD355A 
LD356 
LD3S56A 
LD357 
LD357A 
LD398 
LO316 


LD316A 


AM1488XC 
AM1489XC 
AM1489AXC 
AM3448X 
AMO0026CX 
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LH2101AD 
LM101H 
LM201H 
LM101AH 
LM201AH 
LM102H 
LM202H 


LM105H 
LM205H 
LM106H 
LM206H 
LM107H 
LM207H 


LM108H 
LM208H 
LM108AH 
LM208AH 
LM110H 
LM210H 


LM111H 
LM211H 
LM112H 
LM212H 


LM118H 
LM218H 
LM119H 
LM219H 


LM224AD 


LM248D 


LF15S5H 
LF225H 
LFISSAH 


LF156H 
LF256H 
LF156AH 
LF157H 
LF257H 
LF157AH 


LF198H 
LF298H 


LM216H 


LM216AH 


MH0026H 
MH0026G 


LH2101AF 
LM101D 
LM201D 
LM101AD 
LM201AD 
LM102D 
LM202D 


LM107D 
LM207D 


LM108D 
LM208D 
LM108AD 
LM208AD 
LM110D 
LM210D 


LM111D 
LM211D 
LM112D 
LM212D 


LM118D 
LM218D 
LM119D 
LM219D 
LM124D 
LM224D 
LM124AD 
LM224AF 


LM138D 
LM239D 
LM139AD 
LM239AD 
LM148D 


LM149D 
LM249D 


LM216D 


LM216AD 


MMH0026L 


LM101F LD101 
LM201F 
LM101AF 
LM201AF 
LM102F LD102 
LM202F 


LDI01A 


LM106F 
LM206F 
LM107F 
LM207F 


LM108F L0108 
LM208F 
LM108AF 
LM208AF 
LM110F LD110 
LM210F 


LD108A 


LM111F 
LM211F 
LM112F 
LM212F 


LM118F LD118 
LM218F 
LM119F LD119 
LM219F 
LM124F LD124 
LM224F 


LM124AF LD124A 


LM139F LD139 
LM239F 

LM139AF 
LM239AF 


LD139A 


LD148 


LD149 


LD155 


LD155A 


LD156 


LD156A 


LD157 


LD157A 


LD198 


LM216F LD216 


LM216AF LD216A 


AMO0026X 


O0S0026F 





ORDERING INFORMATION (Cont.) 
0°C to +70°C 


DEVICE —55°C to +125°C 


NUMBER 


SN54/74 Series 
SN54/74123 
$N54/74221 
SN54/74LS240 
SN54/74LS241 
SN54/74LS242 
$N54/74LS243 
SN54/74LS244 
SN54/74S240 
SN54/74S8241 

1SN54/74S242 
$N54/74S243 
SN54/74S244 


SN55/75 Series 
$N55/75107B 
SN55/751088 
SN55/75109 
SN55/75110 


741A 
$S$S741 
747 
747A 
$SS747 
748 


8XXX Series 
8T26 
8T26A 
8T28 
8212 
8216 
8224 
Am8224-4 
B226 
8228 
8238 
Am8238-4 


96 Series 
9600 
9601 
9602 
9614 
9615 
9616 
9617 
96L02 


Metal 
Can 


715HC 
723HC 
SSS725CJ 
733HC 
741HC 


741EHC 
SSS741CJ 
747HC 
747EHC 
$SS747CK 
748HC 


Hermetic 
DIP 


$N74123J 
SN74221J 
SN74LS240J 
SN74LS241J 
SN74LS242J 
SN74LS243J 
SN74LS244J 
SN74S240J 
SN74S241J 
$N74S242J 
$N74S243J 
SN74S244J 


SN75107B8J 
SN75108BJ 
SN75109J 
SN75110J 


715DC 
723DC 
SSS725CP 
733DC 
7410C 


741EDC 


747DC 
747EDC 
SSS747CP 
748DC 


N8T26F 
N8T26AF 
N8T28F 
D8212 
08216 
D8224 
AM8224-4DC 
D8226 

D8228 

08238 
AM8238-4DC 


96000C 
9601DC 
9602DC 
9614DC 
9615DC 
9616DC 
9617DC 
96LO02DC 


Molded 
DIP 


SN74123N 
SN74221N 
SN74LS240N 
SN74LS241N 
SN74LS242N 
SN74LS243N 
SN74LS244N 
SN74S240N 
SN74S241N 
SN74S242N 
SN74S243N 
SN74S244N 


SN75107BN 
SN75108BN 
SN75109N 
SN75110N 


N8T26B 
N8T26AB 
N8T28B 
P8212 
P8216 
AM8224PC 


AMB226PC 
AM8228PC 
AM8238PC 
AM8238-4PC 


9600PC 
9601PC 
9602PC 
9614PC 
9615PC 
9616PC 
9617PC 
96LO2PC 


Dice 


AM74123X 
Am74221X 
AM74LS240X 
AM74LS241X 
AM74LS242xX 
AM74LS243X 
AM74LS244X 
AM74S240X 
AM74S241X 
AM74S242X 
AM74S243X 
AM74S244X 


AM75107BX 
AM75108BX 
AM75109X 
AM75110X 


741AHM 
SSS741J 
747HM 
747AHM 
$SS747K 
748HM 


AM8T26X 
AM8T26AX 
AM8T28X 
AM8212XC 
AM8216XC 
AM8224XC 


AM8226XC 
AM8228XC 
AM8238XC 


AM9600XC 
AM9601XC 
AM9602XC 
AM9614XC 
AM9615XC 
AM9616XC 
AM9617XC 
AM96L02XC 
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Hermetic 
DIP 


SN54123J 
SN54221J 
SN54LS240J 
SN54LS241J 
SN54LS242J 
SN54LS243J 
SN54LS244J 
SN54S240J 
SN54S241J 
SN54S242J 
SN54S243J 
SN54S244J 


$N55107BJ 
SN55108BJ 
SN55109J 
SN55110J 


741ADM 


747DM 
747ADM 
SSS747P 
7480M 


S8T26F 
S8T26AF 
S8T28F 
AM8212DM 
AM8216DM 
AM8224DM 


AM8&226DM 
AM8228DM 
AM8238DM 


9600DM 
96010M 
9602DM 
9614DM 
9615DM 
9616DM 
9617DM 
96L02DM 


Flat Pak 


SN54123W 

SN54221W 

SN54LS240W 
SN54LS241W 
SN54LS242W 
SN54LS243W 
SN54LS244W 


741AFM 


747FM 
747AFM 
SSS747M 
748FM 


9600FM 
9601FM 
9602FM 
9614FM 
9615FM 


96LO2FM 


AM54123X 
AM54221X 
AM54LS240X 
AM54LS241X 
AM54LS242X 
AMS54LS243X 
AM54LS244X 
AM54S240X 
AM54S241X 
AM54S242X 
AM54S243X 
AM54S244X 


AM55107BX 
AM55108BX 
AM55109X 
AM55110X 


AM8T26X 
AM8T26AX 
AM8T28X 


AM9600XM 
AM9601XM 
AM9602XM 
AM9614XM 
AM9615XM 


AM9617XM 
AM96L02XM 








PRODUCT ASSURANCE 
MIL-M-38510 * MIL-STD-883 





The product assurance program at Advanced Micro Devices defines manufacturing flow, establishes standards and controls, and 
confirms the product quality at critical points. Standardization under this program assures that all products meet military and 
government agency specifications for reliable ground applications. Further screening for users desiring flight hardware and other 
_ higher reliability classes is simplified because starting product meets all initial requirements for high-reliability parts. 


The quality standards and screening methods of this program are equally valuable for commercial parts where equipment must 
perform reliably with minimum field service. 


Two military documents provide the foundation for this program. They are: 


MIL-M-38510 — General Specification for Microcircuits 
MIL-STD-883 — Test Methods and Procedures for Microelectronics 


MIL-M-38510 describes design, processing and assembly workmanship guidelines for military and space-grade integrated 
circuits. All circuits manufactured by Advanced Micro Devices for full temperature range (—55°C to +125°C) operation meet these 
quality requirements of MIL-M-38510. 


MIL-STD-883 defines detail testing and inspection methods for integrated circuits. Three of the methods are quality and processing 
standards directly related to product assurance: 


Test Method 2010 defines the visual inspection of integrated circuits before sealing. By confirming fabrication and assembly 
quality, inspection to this standard assures the user of reliable circuits in long-term field applications. Standard inspection at 
Advanced Micro Devices includes all the requirements of the latest revision of Method 2010, condition B. 


Test Method 5004 defines three reliability classes of parts. All must receive certain basic inspection, preconditioning and 
screening stresses. The classes are: 


Class C — Used where replacement can be readily accomplished. Screening steps are given in the AMD processing flow 
chart. 


Class B — Used where maintenance is difficult or expensive and where reliability is vital. Devices are upgraded from Class 
C to Class B by 160-hour burn-in at 125°C followed by more extensive electrical measurements. All other screening 
requirements are the same. 


Class S — Used where replacement is extremely difficult and reliability is imperative. Class S screening selects extra 
reliability parts by expanded visual and X-ray inspection, further burn-in, and tighter sampling inspection. 


All hermetically sealed integrated circuits (military and commercial) manufactured by Advanced Micro Devices are screened to 
MIL-STD-883, Class C. Molded integrated circuits receive Class C screening except that centrifuge and hermeticity steps are 
omitted. 


_ Optional extended processing to MIL-STD-883, Class B is available for all AMD integrated circuits. Parts procured to this screening 
are marked with a “—B” following the standard part number, except that linear 100, 200 or 300 series are suffixed ‘/883B”. 


Test Method 5005 defines qualification and quality conformance procedures. Subgroups, tests and quality levels are 
given for Group A (electrical), Group B (mechanical quality related to the user’s assembly environment), Group C (die 
related tests) and Group D (package related tests). Group A tests are always performed; Group B, C and D may be 
specified by the user. 


1-26 


MANUFACTURING, SCREENING AND INSPECTION 
FOR 
INTEGRATED CIRCUITS 


All integrated circuits are screened to MIL-STD-883, Method 5004, Class C; quality conformance inspection where 
required is performed to Class B quality levels on either Class B or Class C product. 


All full-temperature-range (—55°C to + 125°C) circuits are manufactured to the workmanship requirements of MIL-M- 
38510. 





The flow chart identifies processing steps as they relate to MIL-STD-883 and MIL-M-38510. 


STANDARD PROCESSING 
CLASS C 
Steps 1 Through 25 


HERMETIC PACKAGE MOLDED PACKAGE 
PROCESS PROCESS 


INSPECTION 


Purchased or fabricated starting materials are inspected for conformance 
to specified requirements. Inspection follows written procedures, and 
records are analyzed for supplier quality negotiations. 


WAFER FABRICATION 


Repeated masking, etching and diffusion processes produce finished dice 
in wafer form. 


IN-PROCESS INSPECTION 


Each wafer is inspected prior to irreversible process steps. 


FINISHED WAFER INSPECTION 


Sample wafers from each finished diffusion lot are inspected to confirm 
lot quality before release for test and assembly. 


WAFER ELECTRICAL TEST 


Electrical probe test of every die. A computer-controlled system measures 
static and dynamic parameters and identifies dice that do not meet 
electrical requirements. 


DIE SEPARATION 


Wafers are separated into individual dice and electrical rejects are removed. 


VISUAL INSPECTION 


Separated dice are inspected and selected at high magnification. 


QUALITY INSPECTION 


Decisions at the 100% inspection are reviewed through periodic random 
sampling, confirming product quality and revealing any need for operator 
retraining. 


DIE ATTACH 
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QUALITY INSPECTION 


Strength of die attachment, position of die and visual quality of eutectic 
wetting are confirmed periodically by inspecting random samples and 
push-testing the attached dice. 


WIRE BOND 


Hermetic: Aluminum wires, ultrasonic bonding. 
Molded: Gold wires, thermocompression bonding. 


QUALITY INSPECTION 


Weld strength, bond size and position, wire dress and general workmanship 
are confirmed periodically by comparing random samples with assembly 
instructions and quality standards. Bond strength is plotted on statistical 
control charts, providing early warning of process drifts. 


INTERNAL VISUAL INSPECTION 


Assembled but unsealed units are individually inspected at low and high 
power. 


QUALITY STANDARDS: 


All devices — MIL-STD-883, Method 2010, Condition B (latest revision). 
Full temperature devices — MIL-M-38510, Para. 3.7 for workmanship (re- 
bonding limits). 


QUALITY INSPECTION 


Decisions at the 100% inspection are reviewed through periodic random 
sampling, providing confirmation of product quality and revealing any 
need for operator retraining. 


FINAL SEAL 
(Hermetic devices) 

ENCAPSULATE 
(Molded Devices) 


HIGH TEMPERATURE STORAGE - 
MIL-STD-883, Method 1008, Cond. C: 150°C, 24 hr 


TEMPERATURE CYCLE 


MIL-STD-883, Method 1010, .C: —65°C, +150°C, 10 cycles 


CENTRIFUGE 
MIL-STD-883, Method 2001, . E: 30,000 G 


SEAL (HERMETICITY) TEST 


MIL-STD-883, Method 1014, . Aor B: Fine Leak 
MIL-STD-883, Method 1014, . C2: Gross Leak 


ELECTRICAL TEST 


MIL-STD-883, Method 5004, Para. 3.1.12: Static, dynamic, functional 
tests at 25°C or in certain products at the most critical extreme tempera- 
ture to assure accuracy of device selection. 
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QUALITY GROUP A ELECTRICAL TEST (TABLE |) 


MIL-STD-883, Method 5005. See the table below. Quality levels 
as defined for Class B are applied to both Class B and Class C 
parts. Proven correlations supported by periodic reconfirma- 
tion may be used for some parameters. 





MARK, INSPECT, PACK FOR SHIPMENT 


QUALITY INSPECTION, PRE-SHIPMENT 


Confirmation of marking, physical quality, and product identity. 


QUALITY INSPECTION FOR SHIPMENT RELEASE 


Confirmation of product type, count, package. 
Confirmation of completion of all process requirements. 
Confirmation of required documentation. 


SHIP TO CUSTOMER 


This AMD standard product meets screening requirements of 
MIL-STD-883, Class C. 


GROUP A ELECTRICAL TESTS 
From MIL-STD-883, Method 5005, Table | 


LTPD Initial 
Subgroups (Note 1) Sample Size 


Subgroup 2 — Static tests at maximum rated operating temperature 


Subgroup 1 — Static tests at 25°C 


Subgroup 3 — Static tests at minimum rated operating temperature 

Subgroup 4 — Dynamic tests at 25°C — Linear devices 

Subgroup 5 —'Dynamic tests at maximum rated operating temperature — Linear devices 

Subgroup 6 — Dynamic tests at minimum rated operating temperature — Linear devices 

Subgroup 7 — Functional tests at 25°C 

Subgroup 8 — Functional tests at maximum and minimum rated operating temperatures 

Subgroup 9 — Switching tests at 25°C — Digital devices 

Subgroup 10 — Switching tests at maximum rated operating temperature — Digital devices (Note 2) 


Subgroup 11 — Switching tests at minimum rated operating temperature — Digital devices (Note 2) 


. Sampling plans are based on LTPD tables of MIL-M-38510. The smaller initial sample size, based on zero rejects allowed, has been chosen 
unless otherwise indicated. If necessary, the sample size will be increased once to the quantity corresponding to an acceptance number 
of 2. The minimum reject number in all cases is 3. 

. These subgroups are usually performed during initial device characterization only. 
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OPTIONAL EXTENDED PROCESSING 
CLASS B 
Steps 101 Through 110 


Advanced Micro Devices offers several extended processing options to meet customer 
high-reliability requirements. These are defined in AMD document 00-003. The flow chart 
below outlines Option B, a 160-hr burn in. Military temperature range devices processed to 
this flow (in the left column) meet the screening requirements of MIL-STD-883, Class B. 


MILITARY RANGE COMMERCIAL RANGE 


HERMETIC OR 
HERMETIC PACKAGES MOLDED PACKAGES 


BEGINNING MATERIAL 


Standard product taken after completion of step 20 (electrical test) 


BURN IN 
MIL-STD-883, Method 1015: 160 hr, 125°C, or time-temperature equiva- 
lents as allowed by Method 1015. 

FINAL ELECTRICAL TEST 
MIL-STD-883, Method 5004. 


Military: Testing subgroups as defined for Class B. Static and functional 
at 3 temperatures, dynamic or switching at room temperature. 


Commercial: Repeat step 20. 


QUALITY GROUP A ELECTRICAL SAMPLE (TABLE 1) 


MIL-STD-883, Method 5005 and Table |. Quality levels as defined for 
Class B. Temperature correlations may be used on commercial prod- 
ucts. 


QUALITY CONFORMANCE TESTS, GROUPS B, C, AND D 


MIL-STD-883, Method 5005. Sample life and environmental tests if re- 
quired by purchase order. Further information on specifying this is given 
in AMD document 00-003. 


DATA PREPARATION AND REVIEW 


MARK, INSPECT, PACK FOR SHIPMENT 


Standard AMD parts with this burn-in option are marked with “’—B”’ after 
the part number, except that linear 100, 200 or 300 series are suffixed 
“1883B”. 


QUALITY INSPECTION, PRE-SHIPMENT 


Confirmation of marking, physical quality, and product identity. 


QUALITY INSPECTION FOR SHIPMENT RELEASE 


Final review of shipment against order. 


SHIP TO CUSTOMER 


Military temperature range parts meet screening requirements of MIL- 
STD-883, Class B. 
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OTHER OPTIONS 


Document 00-003, “Extended Processing Options”, further defines Option B as well as other 


screening or sampling options available or special order. Available options are listed here for 


reference. 


Option 


Document 15-010 Rev. E, Jan. 1, 1978 


Description 


Modified Class A screen 
(Similar to Class S screening) 


160-hr operating burn in 


Radiographic inspection (X-ray) 


Scanning Electron Microscope 
(SEM) metal inspection 


Preseal visual inspection to 
MIL-STD-883, Method 2010, 
Cond. A 


Particle impact noise (PIN) 
screen with ultrasonic detection. 


Quality conformance inspection 
(Group B, C and D life and 
environmental tests) 
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Provides space-grade product, fol- 
lowing most Class S requirements 
of MIL-STD-883, Method 5004. 


Upgrades a part from Class C 
to Class B. 


Related to Option A. Provides 
limited internal inspection of 
sealed parts. 


Sample inspection of metal 
coverage of die. 


More stringent visual inspection 
of assemblies and die surfaces 
prior to seal. 


Detects loose particles of 
approximately 0.5 mil size or larger, 
which could affect reliability in 
zero-G or high vibration applications. 


Samples from the lot are stressed 
and tested per Method 5005. 

The customer’s order must state 
which groups are required. 

Group B destroys 16 devices; 
Group C, 92 devices; Group D, 
60 devices. 
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Am106/206/306 


Voltage Comparator/Buffer 





. Distinctive Characteristics e 100% reliability assurance testing in compliance with 
e Functionally, electrically, and pin-for-pin equivalent MIL STD 883. ' : , 
to the National LM 106/206/306 * Electrically tested and optically inspected die for 
© Drives RTL, DTL or TTL directly ele 


* Output can switch voltages up to 24 V @ 100 mA e Available in metal can and hermetic flat package. 


e Fan-out of 10 with DTL or TTL 





FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 


The Am106/206/306 are high-speed voltage comparators/ 
buffers designed to be used in applications where high ac- 
curacy and fast response times are required. The device is 
useful as a pulse-height discriminator, relay or lamp driver 
or a line receiver: 


NON — INV. 
INPUT 


INVERTING G 
INPUT 


—— 
GND. STROBES 


LIC-072 


APPLICATION 


Level Detector With Hysteresis 


Upper and Lower Trip Points: 
R, [Vo max > Veeel 
R, + R; 





Vur = Veer + 


and 
R, [Vo MIN ~ Veer] 
R, +R; 
Hysteresis = V,, = Vy7- Viz 


Vir = Veer + 


O Veer = Ry [Vo max > Vo min] 





R, +R, 


LIC-073 


ORDERING INFORMATION CONNECTION DIAGRAMS 
Top Views 


Part Package Temperature Order Flat Package Metal Can 
Number Type Range Number. 


Am306 Metal Can o to +70 C LM306H 
Dice 0°C to +70°C LD306 


‘Am206 Metal Can —25°C to+85°C LM206H 


MetatCan  —55°Cto+125°C LM106H 
Am106 Flat Pak —55°C to +125°C + LM106F 
Dice —55°C to+125°C LD106 LiC-074 ales 


Note: Pin 6 connected 
to bottom of package. Note: Pin 4 connected to case. 
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Am106/206/306 
MAXIMUM RATINGS 



































Positive Supply Voltage 15V 
Negative Supply Voltage —15V 
Output Voltage 24V 
Output to Negative Supply Voltage 30 V 
Differential Input Voltage +5V 
Input Voltage +7V 
Power Dissipation (Note 1) 600 mW 
Output Short Circuit Duration 10 sec 








Operating Temperature Range 



































Am106 —55°C to +125°C 
Am206 —25°C to +85°C 
Am306 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (soldering, 60 sec) 300°C 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (ote 2) 
Am106 
Am306 Am206 
Parameter (see definitions) Conditions Min Typ Max Min Typ Max Units 
Input Offset Voltage Note 3 1.6 5.0 0.5 2.0 mV 
Input Offset Current Note 3 1.8 5.0 0.7 3.0 nA 
Input Bias Current 16 25 10 20 us BA 
Voltage Gain 40 40 V/mvV 
Response Time Note 4 30 40 | 30 40 ns 
Saturation Voltage Vin < —5 mV, I, = 100 mA 0.8 2.0 | 1.0 1.5 Vv 
Output Leakage Current Vin 2 SMV, 8V < Voy, < 24V 0.02 2.0 0.02 1.0 uA 


The Following Specifications Apply Over The Operating Temperature Ranges 




































































Input Offset Voltage Note 3 6.5 3.0 mV 
Saad eo som | ew | ne 
Input Offset Current Note 3, : = as = oe rs os | i | 
Average Temperature Coefficient | 25°C < Ty < Tamay 15 50 5.0 25 nA/°C 
of Input Offset Current Tatmin) < Ta S 25°C 24 100 15 75 nA/°C 

Input Bias Current 40 45 | LA | 
Input Voltage Range —-7V>V>-12V +5.0 +5.0 Vv 
Differential Input Voltage Range +5.0 +5.0 Vv 
Saturation Voltage Vin S —S5 mV, I... = 50 mA 1.0 1.0 V 

Vin < —SMV, I, < 16mA 0.4 0.4 Vv 

Vin > SMV, Ioyy = 400 nA 2.5 5.5 2.5 5.5 V 
Output Leakage Current Vin > SMV, BV < Voy, < 24V 100 100 HA 
Strobe Current Vetrobe = 0.4 V 1.7 3.3 1.7 3.3 mA 
Strobe ON Voltage 0.9 1.4 0.9 1.4 
Strobe OFF Voltage line < 16 MA i hea 1.4 2.5 1.4 2.5 V 
Positive Supply Current Vin=—S mv 5.5 10 5.5 10 mA 
Negative Supply Current 1.5 3.6 1.5 3.6 mA 


Note 1: Derate metal can package at 6.8 mW/°C for operation at ambient temperatures above 60°C; derate flat package at 5.4 mW/°C for operation at ambient tempera- 
tures above 40°C, 

Note 2: These specifications apply for ~-3V>V- > —-12V, V+ = 12 V and Ta = 25°C unless otherwise specified. 

Note 3: The offset voltages, offset currents, and bias currents given are the maximum values required to drive the output from the minimum output level up to the maxi- 
mum output level. Thus, these parameters actually define an error band and take into account the worst-case effects of voltage gain and input impedance. 

Note 4: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
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INPUT VOLTAGE — mV OUTPUT VOLTAGE — V 


VOLTAGE GAIN — V/mV 


INPUT CURRENT — 2A 


0 
-75-50 -25 0 


0 
~75-50-25 0 


Response Time For 
Various Input Overdrives 
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t{NPUT VOLTAGE — mV 


SATURATION VOLTAGE — V POWER DISSIPATION — mW OUTPUT VOLTAGE — V 


OUTPUT CURRENT~A 


PERFORMANCE CURVES 


Transfer Function 
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Power Consumption 
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POSITIVE SUPPLY CURRENT — mA OUTPUT VOLTAGE — V INPUT VOLTAGE — mV OUTPUT VOLTAGE — V 


NEGATIVE SUPPLY CURRENT — mA 





Am106/206/306 


Response Time For 
Various Input Overdrives 
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Positive Output Level 
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Positive Supply Current 
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5 mV Vin = —S mv 





VIN 











POSITIVE SUPPLY VOLTAGE — V 


Negative Supply Current 


Ta = 55°C 
Ta = 25°C 
Ta=O°C 


+ 





















































-9 -12 -15 
NEGATIVE SUPPLY VOLTAGE — V 
LIC-076 


Am106/206/306 


ADDITIONAL APPLICATIONS 


Level Detector and Lamp Driver Fast Response Peak Detector 


aoe 
OVERRIDE 
LIC-077 LIC-078 


Relay Driver Adjustable Threshold Line Receiver 


vit <24V0 


Dy 


INPUTS 


STROBE 
INPUTS 


LIC-080 
*Optiona! for response time control 


LIC-079 


Metallization and Pad Layout 


INPUT (+) 





INPUT (—) 


OUTPUT 











STROBE 





Ami1i/211/3T1 


Precision Voltage Comparator 





Distinctive Characteristics 


The Am111/211/311 are functionally, electrically, 
and pin-for-pin equivalent to the National 

LM 111/211/311 

Output Drive — 50V and 50mA 

Input Bias Current — 150nA max. 

Input Offset Voltage — 4mV max. 

Differential Input Voltage Range — +30V 


FUNCTIONAL DESCRIPTION 


The Am111/211/311 are voltage comparators featuring low 
input currents, high differential and common mode voltage 
ranges, wide supply voltage range, and outputs compatible 
with all bipolar and MOS circuitry. The inputs and outputs 
can be isolated from system ground, and the output can drive 
loads refered to ground or either supply. Strobing and offset 
balancing are available and the outputs can be wire ORed. 


CONNECTION DIAGRAM 
Top View 
Dual-In-Line 
Am111/211/311 


[—] COLLECTOR OUTPUT 


BALANCE (J [—] BALANCE/STROBE 


Pin 6 is connected botto f kage. 
i is connected to m of package Lic-082 


ORDERING INFORMATION 


Order 
Number 


Part 
Number 


Package 
Type 


Temperature 
Range 


TO-99 
Hermetic DIP 
Mini-DIP 
Dice 
TO-99 
Hermetic DIP 
TO-99 
Hermetic DIP 
Flat Pak 
Dice 


Am311 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
—25°C to +85°C 
—25°C to +85°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


LM311H 
LM311D 
LM311N 
LD311 


LM211H 
LM211D 


LM111H 
LM111D 
LM111F 
LD111 


100% reliability assurance testing in compliance with 
MIL-ST D-883 

Electrically tested and optically inspected die for as- 
semblers of hybrid products 

Mixing privileges for obtaining price discounts. Refer 


to price list. 
Available in Metal Can, Hermetic Dual-tn-Line or 
hermetic Flat Packages 


FUNCTIONAL DIAGRAM 


COLLECTOR 
OUTPUT 


NON-INVERTING 
INPUT 


INVERTING 69 
INPUT 


EMITTER 


O 
BALANCE/ OUTPUT 


STROBE 


BALANCE 


LIC-081 


CONNECTION DIAGRAM 
Top View 
Flat Package 
Am111/211/311 


Pi i nnected to bottom of package. 
in5isco c p ag Lic-083 


CONNECTION DIAGRAM 
Top View 
Metal Can 
Am111/211/311 


eo BALANCE/ 
STROBE 


Pin 4 is connected to case. Lic-084 








Am111/211/311 
MAXIMUM RATINGS 






























































Voltage from Vt to V— 36V 
Voltage from Collector Output to V— 
Am111/211 50V 
Am311 40V 
Voltage from Emitter Output to V— 30V 
Voltage between Inputs +30V 
Voltage from Inputs to V— +30V, —OV 
Voltage from Inputs to Vt —30V 
Power Dissipation (Note 1) 500mW 
Output Short Circuit Duration 10 sec 
Operating Temperature Range 
Am111 —55°C to +125°C 
Am211 ~—25°C to +85°C 
Am311 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (soldering, 10 sec) 300°C 


ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise specified) (Note 2) 


Am111 
Am311 Am211 
Parameters (see definitions) Test Conditions Min. Typ. Max. Min. Typ. Max. Units 





Input Offset Voltage (Note 3} 
Input Offset Current (Note 3) 

























Input Bias Current (Note 3) 





Response Time (Note 4) RL =5002 to+5 V, VeE=0 








Supply Current 
Positive (Note 5) 3.9 ; 3.9 6.0 


Negative (Note 5) 
Voltage Gain 


Saturation Voltage 

















Vin <—5 mV, Ic =50mA 

VIN <—10 mV, Ice = 50 mA 

Vin 2 +5 mV, Vc to VeE=50V 
VIN 2 +10 mV, Vc to VE = 40 V 






















Output Leakage Current 

















Saturation Voltage 














Output Leakage Current 








Input Voltage Range 








Supply Current 
Positive (Note 5) 
Negative (Note 5) 











Notes: 1. For the Am111/211/311, derate Metal Can package at 6.8mW/°C for operation at ambient temperatures above 75°C, the Dual In-Line at 9mW/°C 
for operation at ambient temperatures above 95°C, and the Flat Packages at 5.4mwW/C for Operation at ambient temperatures above 57°C. 
2. Unless otherwise specified, these specifications apply for V* = +15V, V— = —15V, Ve = —15V, and R_ at collector output = 7.5kQ to +15V. 
3. The offset voltage, offset current and bias current given are the maximum values required to drive the collector output to within 1V of the supplies 
with a 7.5kQ load. These parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 
4. The response time specified (see definitions) is for a 100mV input step with SmV overdrive. 
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INPUT BIAS CURRENT- nA 


COMMON MODE LIMITS-V 


INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 


SUPPLY CURRENT- mA 


Input Bias Current 




















0 
-55 -35~15 5 25 45 65 85 105 125 
TEMPERATURE-°C 


Common-Mode Limits 




















TEMPERATURE-°C 


Response Time For 
Various Input Overdrives 

















0.4 0.6 08 
TIME ~-ys 


Supply Current 


5 | Am111/211/311 
POSITIVE SUPPLY 
OUTPUT LOW 


ie eae 
Ly we 
| 
(/\__NEGATIVE SUPPLY 


POSITIVE SUPPLY 
OUTPUT HIGH 


+5 


+10 
SUPPLY VOLTAGE-V 


INPUT OFFSET CURRENT-nA 


INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 


OUTPUT VOLTAGE -V 


SUPPLY CURRENT-mA 


PERFORMANCE CURVES 


Input Offset Current 
































0 
-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE-°C 


Transfer Function 











Vg = 30V 
rN Ta=25°C 

Fae es OS a 

1 

DIFFERENTIAL INPUT VOLTAGE-mV 





Response Time For 
Various Input Overdrives 








TIME-ys 


Supply Current 














0 
-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE-°C 


LEAKAGE CURRENT-A 


INPUT VOLTAGE-mV OUTPUT VOLTAGE-V EQUIVALENT INPUT OFFSET VOLTAGE-mvV 


INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 


Am111/211/311 


Offset Error 






































100k 1M 
INPUT RESISTANCE-& 


Response Time For 
Various Input Overdrives 

















TIME- us 


Response Time For 
Various Input Overdrives 























TIME-ys 


Leakage Current 





TEMPERATURE~C 
LIC-085 





Am111/211/311 


APPLICATIONS 


Offset Balancing Increasing Input 
Stage Current* 


LIC-086 LIC-087 


Strobing Strobing OFF both 
Input and Output Stages** 


TTL 


oN2222 STROBE 


LIC-088 


LIC-089 


*Increases input bias current and common mode slew rate by a factor of 3. 
**Typical input current = 50pA with inputs strobed OFF. 


Metallization and Pad Layout 


INPUT 
(+) 


i aan 


ee 


BAL/ST. 


INPUT 
(-) 











48 x 65 Mils 
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Am119/219/319 


Dual Comparator 


Distinctive Characteristics 


The Am119/219/319 are functionally, electrically, 
and pin-for-pin equivalent to the National LM119/ 
219/319. 

Two independent comparators. 

Operates from single 5V supply. 

Output drive — 35V and 25mA. 

Input bias current — 1A max. (1.2uA for Am319) 
Response time 80ns typical at +15V. 


FUNCTIONAL DESCRIPTION 


The Am119/219/319 are dual high-speed voltage comparators 
designed to operate over a wide range of voltage supplies down 
to a single 5V supply and ground. They have higher gain and 
lower input bias currents than devices such as the yA710. The 
uncommitted collector of the output stage facilitates RTL, 
DTL and TTL interfacing, and driving lamps and relays at 
currents up to 25mA. The-device is specified for operation 
from power supplies up to +15V and features faster response 
than the Am111 at the expense of higher power dissipation. 


The Am119 performance is specified over the temperature 
range —55°C to 125°C, the Am219 performance is specified 
over the temperature range —25°C to 85°C and the Am319 
performance is specified over the temperature range O°C 
to 70°C. 


CONNECTION DIAGRAM 
Top View 
Dual In-Line 


Pin 6 connected to bottom of package. 


ORDERING INFORMATION 
Part Package Temperature Order 


Number Type Range Number 


TO-99 0°C to +70°C LM319H 
Am319 DIP ovc to +70°C LM319D 
Molded DIP 0°C to +70°C LM319N 

Dice 0°C to +70°C LD319 


TO-99 —25°C to +85°C LM219H 
DIP —25°C to +85°C LM219D 
Flat Pak —25°C to +85°C LM219F 


TO-99 —55°C to +125°C LM119H 
DIP —55°C to +125°C LM119D 

Flat Pak —55°C to +125°C LM119F 
Dice —55°C to +125°C LD119 








Minimum fan out of 2 each side. 

Inputs and outputs isolated from system ground. 

High common mode slew rate. 

100% reliability assurance testing in compliance with 
MIL-STD-883. 

Electrically tested and optically inspected die for 
assemblers of hybrid products. 


Available in Metal Can, Hermetic Dual-In-Line, Herme- 
tic Flatpack or Molded DIP packages. 





FUNCTIONAL DIAGRAM 
(One Comparator) 


COLLECTOR 
OUTPUT 


Vc 


NON-INVERTING 
INPUT 


INVERTING 
INPUT 


Ve 


GND 
(EMITTER OUTPUT) 


LIC-091 


CONNECTION DIAGRAM 
Top View 
Flat Package 


OUTPUT 1[__J 


Pin 5 connected to bottom of package. LIC-992 


CONNECTION DIAGRAM 
Top View 
Metal Can 


et 
OUTPUT 1¢9 
LAY 


+INPUT 1 Re 


Pin 5 connected to case. LIC-093 


Am119/219/319 
MAXIMUM RATINGS (Above which the useful life may be impaired) 








Voltage from V+ to V— 36V 
Voltage from Collector Output to V— 36V 
Voltage from Ground to Vt 18V 
Voltage from Ground to V— 25V 
Differential Input Voltage +5.0V 
Input Voltage (Note 1) +15V 
Power Dissipation (Note 2) 500mWw 


Output Short Circuit Duration 10s 
Operating Temperature Range 


Am119 —55°C to +125°C 
Am219 —25°C to +85°C 
Am319 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 


Lead Temperature (soldering, 10 sec) 300°C 


ELECTRICAL CHARACTERISTICS (T, = 25°C, Unless Otherwise Noted) (Note 3) 
Am319 Am119/219 
Parameters 


(See definitions) Conditions Min. Typ. Max. Min. Typ. Max. Units 


[Input Oftwrvorase Nowa [Agcee —=Ss=S=C=~“*~“~*~iCSCSC*‘“(#2O“*S=C@O [=< ov | 40 | mw 
inpue Orr current Wore ay | SSSSCSCSCSCS~S~S~S a0 oo | 

































Supply Current 









Voltage Gain 






Saturation Voltage - 


Output Leakage Current 


The Following Specifications Apply Over The Operating Temperature Ranges 
















Input Offset Voltage (Note 4) 


Rg <5k 


Saturation Voltage 







o 


T 
T 


Vin <—12mV, Ic = 3.2mA 0.3 0.4 


> 


Vin < —8.0mV, Ic =3.2mMA 






NIV 


oc 
o°c 


> 









Output Leakage Current Vin 2 +8.0mV, Vc to VE = 35V 
Input Voltage Range 










Notes: 1. For supply voltages less than + 15V the absolute maximum rating is equal to the supply voltage. 
2. Derate Metal Can package at 6.8mW/°C for operation at ambient temperatures above 75°C, the Dual-In-Line at 9MW/°C for operation at tempera- 
tures above 95°C, and the Flat Package at 5.4mW/°C for operation at temperatures above 57°C. 
3. The offset voltage, offset current and bias current specifications apply for any supply voltage from a single 5V supply up to + 15V supplies. 
4. The offset voltages and offset currents given are the maximum values required to drive the output within 1 volt of either supply with a 1mMA load, 
Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance, 
5. The response time specified is for a 100mV input step with 5mV overdrive. 
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Am119/219/319 


TYPICAL PERFORMANCE CURVES 


Input Currents Common Mode Limits Transfer Function 




















INPUT CURRENT — mA 
COMMON MODE LIMITS — V 
OUTPUT VOLTAGE HIGH — V 
A— M01 39VL10A LAdLNO 



































0 V ft) 0 
—55 -35-15 5 25 45 65 85 105 125 -55-35-15 5 25 45 65 85 105 125 0 -06 -02 02 06 1.0 
TEMPERATURE ~°C TEMPERATURE —°C DIFFERENTIAL INPUT VOLTAGE — V 


Response Time for Response Time for 
Various Input Overdrives Various Input Overdrives Input Characteristics 








OUTPUT 
VOLTAGE — V 





OUTPUT 
VOLTAGE —V 








INPUT BIAS CURRENT — nA 








INPUT 
VOLTAGE — mV 
INPUT 
VOLTAGE — mV 

















50 —50 
-50 0 50 100 150 200 250 300 350 -50 0 50 100 150 200 250 300 350 -10 
TIME — ns TIME — ns DIFFERENTIAL INPUT VOLTAGE — V 


Response Time for Response Time for 
Various Input Overdrives Various Input Overdrives Output Saturation Voltage 


oy 


Ry = 5002 


PST vt = sev 
a 8 (ea Ba 





OUTPUT 


OUTPUT 
VOLTAGE ~ V 
VOLTAGE —V 








OUTPUT CURRENT — mA 


INPUT 
VOLTAGE — mV 




















VOLTAGE — mV 


50 » “*. 
-50 0 50 100 150 200 250 300 350 50 100 150 200 250 300 350 ; . . 0.6 
TIME — ns TIME — ns OUTPUT VOLTAGE — V 


Supply Current Supply Current Output Limiting Characteristics 


ire SUPPLY, Vo =+15V 














SUPPLY CURRENT — mA 
SUPPLY CURRENT — mA 
M— NOILVdISSIO Y3MOd 


NEGATIVE SUPPLY, Vg = 215V 


SHORT CIRCUIT CURRENT — mA 


























0 
-—55 -35-15 5 25 45 65 85 105 125 
SUPPLY VOLTAGE — V TEMPERATURE — °C OUTPUT VOLTAGE — V 


LIC-094 





Am119/219/319 


APPLICATIONS 


Relay Driver 


news| 


LIC-095 


Metallization and Pad Layout 


vt 


OUTPUT 1 





+INPUT 1 


—INPUT 1 


57 x 78 Mils 
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Window Detector 


LIC-096 


O TTL OUTPUT 


Vout = 5.0V for 

Vit S VIN § Vut 
Vout = 0 for 

VIN S Vitor Vin  Vur 








Am139/239/339 - Am139A/239A/339A 


Low Offset Voltage Quad Comparators 


Distinctive Characteristics 


Four high precision comparators 
Reduced VOS drift over temperature 
Eliminates need for dual! supplies 
Allows sensing near ground 
Wide single supply voltage range or dual supplies 
2.0Vpc to 36Vpc 
£1.0Vpc to +18Vpc 
Very low supply current drain (0.8mA)—independent 
of supply voltage (1.0mW/comparator) makes these 
comparators suitable for battery operation. 


FUNCTIONAL DESCRIPTION 


The Am139, Am239, Am339, Am339A, Am239A — and 
Am339A quad comparators are functionally, electrically and 
pin-for-pin equivalent to the National LM139, LM239, LM339, 
LM339A, LM239A and LM339A. This series of precision 
comparators consists of four independent voltage comparators 
which were specifically designed to operate from a single power 
supply over a wide range of voltages. Operation from 
split power supplies is also possible and the low power supply 
current drain is independent of the magnitude of the power 
supply voltage. These comparators have a unique characteristic 


ORDERING INFORMATION 


Package 
Type 


DIP 
Molded DIP 
Dice 


DIP 


DIP 
Flat Pack 
Dice 
Am339A DIP 
Molded DIP 
Dice 


Am239A DIP 


Am139A DIP 
Flat Pack 


Dice 


Temperature 
Range 


0°C to 70°C 


0°C to 70°C 
OC to 70°C 


—25°C to +85°C 


—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


OC to 70°C 
O°C to 70°C 
O’C to 70°C 


—25°C to +85°C 


—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


Order 
Number 


LM339D 
LM339N 
LD339 


LM239D 


LMi39D 
LM139F 
LD139 


LM339AD 
LM339AN 
LD339A 


LM239AD 


LM139AD 
LM139AF 
LD139A 


e@ Low input bias current—35nA 


@ Low input offset current — 3.0nA and offset 
voltage — 2.0mV 


@ Input common-mode voltage range includes ground 
e@ Differential input voltage range equal to the power 


supply voltage 
e Low output saturation voltage 
1.0mV at 5.0uA 
60mV at 1.0mA 


@ Output voltage compatible with TTL, DTL, ECL, 


MOS and CMOS logic systems 


in that the input common-mode voltage range includes ground 
even though operated from a single power supply voltage. 


Application areas include limit comparators, simple analog to 
digital converters; pulse, squarewave and time delay generators; 
wide range VCO; MOS clock timers; multivibrators and high 
voltage digital logic gates. The Am139/A series was designed 
to directly interface with TTL and CMOS. When operated from 
both plus and minus power supplies, the Am139/A will di- 
rectly interface with MOS logic — where the lower power drain 
of the Am139/A is a distinct advantage over standard com- 
parators. 


SCHEMATIC DIAGRAM 


OUTPUT 
O 


LIC-097 


CONNECTION DIAGRAM 
Top View 


OUTPUT 2 {_| |_| ouTPuT 3 


|_| OUTPUT 4 


Note: Pin 1 is marked for orientation. LIC-098 











Am139/239/339 » Am1 39A/239A/339A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 












































Supply Voltage, V+ 36 Voc or £18 Voc Output Short Circuit to GND (Note 2) Continuous 
Differential Input Voltage 36 Voc Input Current (Vjn —0.3 Vpc) (Note 3) 50mA 
Input Voltage —0.3 Vpc to +36 Voc Operating Temperature Range 
Am339/A O°C to +70°C 
Power Dissipation (Note 1) Am239/A —25°C to +85°C 
Ceramic Dip 900 mW Am139/A —55°C to +125°C 
Plastic Dip 570 mW Storage Temperature Range —65°C to +150°C 
Flat Pack 800 mW Lead Temperature (Soldering, 10 seconds) 300°C 
ELECTRICAL CHARACTERISTICS Am239 Am239A 
(Vt = +5.0Vpc) (Note 4) Am339 Am139 Am339A Am139A 
Parameters Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 


Input Offset Voltage Ta = +25°C (Note 9) Bz 


Hin(+) Or Htny(—) with Output in 
Linear Range, Ta = +25°C 

















Input Bias Current (Note 5) 



















Input Offset Current Hin (+) — HN(—), Ta = 428°C 

















Input Common-Mode Voltage 
Range (Note 6) 










Ta =+25°C 














Ri. = » on all Comparators 
Ta = +25°C 





Supply Current 




















RL > 15k2, Ta = +28°C, 













Voltage Gain V+ =I5 Voc (To Support 


Large Vg Swing} 





















VIN = TTL Logic Swing, VREF = 
Large Signal Response Time +1.4Vp¢, VR, = 5.0VDc, RL = 
5.1kQ and Ta = +25°C 
















VR, =5.0 Vpcand R, =5.1 kQ 


Response Time (Note 7) Ta 2 +25°C 





: : 
joo] we | [wae 
Pi fer| [moe 
pT [aa [avo | 
a 
: : 


Note 1: For high temperature operation, the Am339/A must be derated based on a +125°C maximum junction temperature and a thermal resistance 
of +175°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The Am239/A and Am139/A must 
be derated based on a +150°C maximum junction temperature. The low bias dissipation and the ON-OFF characteristic of the outputs keeps the 
chip dissipation very small (Pd < 100 mW), provided the output transistors are allowed to saturate. 












VIN(—) > +1-0 Voc, Vin(+) = 0, 
and Vg < +1.5 Voc, Ta = +25°C 


. ; Vin(—) > #1.0 Voc. Vint+) = 0, 
and Isink < 4.0 mA, Ta = +25°C 
VIN(+) > +1.0 Voc, Vin(—) = 0 
and Vo = 5.0 Voc, Ta = +25°C 


{Note 9) 
NIN (+) — HIN{—) 


Output Sink Current 

















Output Leakage Current 


Input Offset Voltage 


Input Offset Current 


































brn (+) Or ljN(—) with Output in 


Input Bias Current - 
P Linear Range 




















Input Common-Mode Voltage 
Range 


























VIN(—) 2 +1.0 Voc, Vin(+) = 0 


Saturation Voltage 
and Isink < 4.0 mA 


























VIN(+) > +1.0 Voc, Vin(—) = 0 
and Vo = 30Vpc 






Output Leakage Current 























Differential Input Voltage 
(Note 8) 


Keep all Vin‘s = O Voc (or V7 if 
used) 












2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 20 MA 
independent of the magnitude of Vt. 


3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the 
input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN 
Parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the comparators to go to the V+ voltage level 
(or to ground for a large overdrive) for the time duration that an input is driven negative. This is, not destructive and normal outputs states will 
re-establish when the input voltage, which was negative, again returns to a value greater than —0.3 Voc: 

4: These specifications apply for Vt = +5.0 Voc and —-BB°C< Tas +125°C, unless otherwise stated. With the Am239/A all temperature specifica- 
tions are limited to —25°C < T, < +85°C and the Am339/A temperature specifications are limited to 0°C < Ta <+70°C. 


5: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of 
the output so no loading change exists on the reference or input lines. 

6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the 
common-mode voltage range is V+-1.5 V, but either or both inputs can go to +30 Vpc without damage. 

7: The response time specified is for a 100mV input step with 5.0mV overdrive. 300ns can be achieved with larger overdrive signals, see typical 
performance characteristics section. 

8: If the voltage applied to any input exceeds V*, all-four comparator outputs will go to the high voltage level. The low input voltage state must not 
be less than —0.3 Voc (or 0.3 Vpc below the magnitude of the negative power supply, if used). 


9: At output switch point, Vo = 1.4Vo¢, Rg = Of with Vt from 5.0 Vpci and over the full input common mode range (0 Vpc to Vt -1.5Vpc). 
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Am139/239/339 « Am139A/239A/339A 


TYPICAL PERFORMANCE CHARACTERISTICS 


Supply Current 

















Tp = 25°C 





1+ — SUPPLY CURRENT — mA 
In — INPUT CURRENT — nAnc 

















vt — SUPPLY VOLTAGE — Voc 


Response Time for 
Various Input Overdrives 
Negative Transition 


intorovendanersonv] |_| 
kel LE 
{A a ee 


OUTPUT VOLTAGE — Vo{V) 














(aw) N!,Q — 39VL10A LNANI 


TIME — ys 


APPLICATION HINTS 


The Am139/A is a high gain, wide bandwidth device; which like 
most comparators, can easily oscillate if the output lead is in- 
advertently allowed to capacitively couple to the inputs via stray 
capacitance. The oscillation shows up only during the output 
voltage transition intervals as the comparator changes states. 
Power supply bypassing is not required to solve this problem. 
Standard PC board.layout is helpful as it reduces stray input-out- 
put coupling. Lowering the input resistors to <<10kQ reduces the 
feedback signal levels and finally, adding even a small amount 
{1 to 10 mV) of positive feedback (hysteresis) causes such a rapid 
transition that oscillations due to stray feedback are not possible. 
Simply socketing the I/C card attaching resistors to the pins will 
cause input-output oscillations during the small transition in- 
tervals unless hysteresis is used. If the input signal is a pulse 
waveform, with relatively fast rise and fall times, hysteresis is not 
required, 


All pins of any unused comparators should be grounded. 


The bias network of the Am139/A establishes a drain current 
which is independent of the magnitude of the power supply volt- 
age over the range of from 2Vpc to 30 Vpc. 


It is not normally necessary to use a bypass capacitor across the 
power supply line. 


Input Current 


Ty =°70°C—Tp = 125°C 


V+ — SUPPLY VOLTAGE — Vpc 





Output Saturation Voltage 


10 


.001 
0.01 


OUT OF 
SATURATION 

















Vo — SATURATION VOLTAGE — Doc 











0.1 1.0 10 100 


Ig — OUTPUT SINK CURRENT — mA 


Response Time for 
Various Input Overdrives 
Positive Transition 


INPUT OVERDRIVE =100mv| |_| 


mee 


OUTPUT VOLTAGE — Vo{V) 

















(aw) NIqQ — 3901700 LON! 
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The differential input voltage may be larger than Vt without 
damaging the device. Protection should be provided to prevent 
the input voltages from going negative more than —0.3Vpc 
(at 25°C). An input clamp diode and input resistor can be used 
as shown in the applications section. 


The output of the Am139/A is the uncommitted collector of a 
grounded-emitter NPN output transistor. Several collectors can 
be tied together to provide an output OR’ing function. An output 
“pull-up’’ resistor can be connected to any available power 
supply voltage within the permitted supply voltage range and there 
is no restriction on this voltage due to the magnitude of the volt- 
age which is applied to the V+ terminal of the Am139/A pack- - 
age. The output can also be used as a simple SPST switch to 
ground (when a “‘pull-up” resistor is not used). The amount of 
current which the output device can sink is limited by the drive 
available (which is independent of V+) and the 8 of this device. 
When the maximum current limit is reached (approximately 
16 mA), the output transistor will come out of saturation and the 
output voltage will rise very rapidly. The output saturation voltage 
is limited by the approximately 602 rg3z of the output transistor. 
The tow offset voltage of the output transistor (1 mV) allows the ° 
output to clamp very nearly to ground level for small load 
currents, 


Am139/239/339 * Am139A/239A/339A 


TYPICAL APPLICATIONS 
(vt = 5.0Vpc) 


vt ‘ace 
0 JIU 
an = 100kHz 
WA ® 
Am339/A 0 7 
1/4 
e . Am339/A 


CRYSTAL 
f = 100kHz 


Squarewave Oscillator Crystal Controlled Oscillator 


LIC-100 LIC-101 


Vo 1/4 : 
FREQUENCY Am339/A 1/4 
camels soi Bias 
INPUT - 


© OUTPUT 2 


a V4 JIN 
vt = 30Vpc ’ 


Am339/A 
+250mMV < Ve <+50Vpc 
700H2 < fg < 100kHz2 


LIC-102 


1/4 v4 
Am339/A : Am339/A 


LIC-103 LIC-104 ; LIC-105 


Non-Inverting Comparator 
Basic Comparator with Hysteresis Inverting Comparator with Hysteresis 


1/4 . 1/4 v 
Am339/A Am339/A 9 


STROBE 
INPUT 


LIC-106 LIC-107 


*Or logic gate without pull-up resistor. 


Comparing Input Voltages 
of Opposite Polarity Output Strobing 





Am139/239/339 « Am139A/239A/339A 


TYPICAL APPLICATIONS (Cont.) 
(Vt =5.0Vpc) 


1/4 DM54Xx 


1/4 
Am339/A 


LIC-108 


LIC-109 LIC-110 





Basic Comparator Driving TTL Driving CMOS 


(Vt = 15Vpc) 


9 vt(12V) 


1/4 i 
v4 
Am339/A Am339/A 


‘: 
1/4 
Am339/A 2N2222 


+VREF LOW O 
: ALL DIODES 
LIC-111 


LIC-112 


Limit Comparator Large Fan-In AND Gate 


vt 


+ =ile. ee L1.0ms 
o— 100pF = 100k to [rw 
1/4 \ ~ 
0 Vo / 


4 
1.0M Am339/A - Am339/A 


+ 
0.001 pF 


LIC-113 LIC-114 


One-Shot Multivibrator Remote Temperature Sensing 
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Am139/239/339 * Am139A/239A/339A 


TYPICAL APPLICATIONS (Cont.) 
(Vt = 15Vpc) 


1/4 
Am339/A a 
+4.0V 100k . 1/4 
Am339/A 


LIC-115 
One-Shot Multivibrator with Input Lock Out 


vt 
+ 


- it} 
4 
Am339/A Am339/A 


+ = 


*For large ratios 
of R4/Ro, D4 can LIC-117 
be omitted. 


LIC-116 
Pulse Generator Bi-Stable Multivibrator 
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Voltage Comparator 





Distinctive Characteristics: @ 100% reliability assurance testing in compliance with 
MIL-STD-883 
© 6.5ns MAXIMUM PROPAGATION DELAY AT 5mV @ Electrically and optically inspected dice for assemblers 
OVERDRIVE of hybrid products 
@ Available in metal can and hermetic dual-in-line 


© 3.0ns Latch setup time 
packages 


© Complementary ECL outputs 
© 50Q line driving capability 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 


The Am685 is a fast voltage comparator manufactured with an 

advanced bipolar NPN, Schottky diode high-frequency process that 

makes possible very short propagation delays (6.5 ns) without O DOUTPUT 
sacrificing the excellent matching characteristics hitherto associated 

only with slow, high-performance linear IC’s. The circuit has differ- 

ential analog inputs and complementary logic outputs compatible O aouTPUT 
with most forms of ECL. The output current capability is adequate 

for driving terminated 502 transmission lines. The low input offset 

and high resolution make this comparator especially suitable for 

high-speed precision analog-to-digital processing. 

A latch function is provided to allow the comparator to be used ina LIC-118 
sample-hold mode. If the Latch Enable input is HIGH, the com- 

parator functions normally. When the Latch Enable is driven LOW, The outputs are open emitters, therefore external pull- 
the comparator outputs are locked in their existing logical states. down resistors are required. These resistors may be in 
If the latch function is not used, the Latch Enable must be con- the range of 50—2002 connected to —2.0 V, or 200— 
nected to ground. 20002 connected to —5.2 V. 


CIRCUIT DIAGRAM 




















NON-INV 
INPUT o& 
INV © 
INPUT 




















LATCH 
ENABLE 
































OUTPUT OUTPUT 
Ri2 Rig 
1802 1.8k2 : rr LIC-119 





ORDERING INFORMATION CONNECTION DIAGRAMS 


Top Vi 
Metal Can bes Dual-In-Line 


Part Package Temperature Order 
Number Type Range Number 


Am685 Metal Can —30°C to +85°C Am685HL NONINVERTING [~ 
DIP —30°C to +85°C Am685DL mnweur goureut INVERTING [> 


Am685 Metal Can. = —55°C to +125°C Am685HM INVERTING ee 
DIP ~55°C to +125°C Am685DM LATCH Ce 


Am685 Dice ~30°C to +85°C Am685XL 
Dice —55°C to +125°C Am685XM Lic-120 
Note 1: On metal package, pin 5 is connected to case. LIC-121 
On DIP, pin 8 is connected to case. 








Am685 
MAXIMUM RATINGS (Above which the useful life may be impaired) 








Positive Supply Voltage +7V Operating Temperature Range 

Negative Supply Voltage -7V Am685-L —30°C to +85°C 
Input Voltage +4V Am685-M —55°C to +125°C 
Differential Input Voltage +6V Storage Temperature Range —65°C to +150°C 
Output Current 30mA Lead Temperature (Soldering, 60 Sec.) 300°C 
Power Dissipation (Note 2) 500mW Minimum Operating Voltage (Vt to V—) 9.7V 


ELECTRICAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES (Unless Otherwise Specified) 


DC Characteristics Am685-L Am685-M 


Symbol - Parameter (see definitions) Conditions (Note 3) Min. Max. Min. Max. Units 
-2.0 
-2.5 


a 
Rg < 1002, Ta = 25°C +2.0 -2.0 +2.0 mV 
Vos Inpub Heekvelteg: Rs < 1002 +2.5 430 +3,0 mV 
Average Temperature Coefficient 
Tp = 28°C -1.0 +1.0 +1.0 
lo Input Offset Current 13 1.3 41.6 
B 


Ta =25°C 
| Input Bias Current 














































Ss 
[Gin [Input Capacitance Sd tee CS 
vem [input Votge Range | SSSS~dC 
[EMR | “Gomrion Mode Rejection Ratio | Ag 1008, -33<Vomev33V_| 


Vom 

VOH ‘TA = TA(min.) 
VoL Output LOW Voltage 

y+ 


von | Ta = TA(max.) 
Sie | Positive Supply Current 


10 

16 
rea 
ere 
ak 










Output HIGH Voltage 









TaA=25°C 
Ta = TAlmin.) 
Pe Negative Supply Current 


Switching Characteristics (Vjpn = 100 mV, Vog = 5mV) 


Ta(min,) <Ta < 25°C a 
tod+ Input to Output HIGH . 
jpe | tnuttoouwurich | Ta = Ta(max.) 
T in.) <Ta < 25°C 
Input to Output LOW ANOING A Raa 
Ta = TA(max.) 
in.) <Ta < 25° 
toqtE) Latch Enable to Output HIGH Ta(min,) <TA < 25 C 
pes Ta=T 
(Note 4) A A(max.) 
Latch Enable to Output LOW Tal(min,) < Ta < 25 C 
phone) Ta = TaA(max.) 






T in) <Ta <25°C 
Minimum Set-up Time (Note 4) li, m 
Ta = TA(max.) 


“Minimum Hold Time (Note 4) Ta(min) < Ta < Ta(max.) 


Minimum Latch Enable Pulse Width Ta(min.) < Ta < 25°C 
Note 4) Ta = Ta(max.) 


NOTES: 2: For the metal can package, derate at 6.8 mW/°C for operation at ambient temperatures above +100°C; for the dual-in-line package, derate at 

9 mMW/C for operation at ambient temperatures above +105°C., 

3: Unless otherwise specified V+ = 6.0V, V- =-5.2V, VT = -2.0V, and Ry = 500; all switching characteristics are for a 100 mV input step with 
5 mV overdrive. The specifications given for Vos, Igs, Ig, CMRR, SVRR, tod+ and tpg_ apply over the full Von range and for +5% supply 
voltages. The Am685 is designed to meet the specifications given in the table after thermal equilibrium has been established with a transverse 
air flow of 500 LFPM or greater. 

4: Owing to the difficult and critical nature of switching measurements involving the latch, these parameters can not be tested in production. 
Engineering data indicates that at least 95% of the units will meet the specifications given. 
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TIMING DIAGRAM 
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KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROMH TOL 


MAY CHANGE 
FROMLTOH 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROMH TOL 


WILL BE 
CHANGING 


Q OUTPUT 


courde: — +. —.- — 





FROM L TOH 





|} tpg_(E) >| 
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Figure 1 





DON’T CARE; 
ANY CHANGE 
PERMITTED 


CHANGING; 
STATE 
UNKNOWN 


The set-up and hold times are a measure of the time required for an input 
signal to propagate through the first stage of the comparator to reach the 
latching circuitry. Input signal changes occurring before t, will be detected 
and held; those occurring after th will not be detected. Changes between 
t, and th may or may not be detected. 


DEFINITION OF TERMS 


Vos 


AVos/AT 


Ip 
Rin 


Cin 


Vom 


CMRR 


SVRR 


VOH | 


VoL 


y+ 


INPUT OFFSET VOLTAGE — That voitage which must be 
applied between the two input terminals through two equal 
resistances to obtain zero voltage between the two outputs. 
AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFF- 
SET VOLTAGE — The ratio of the change in input offset 
voltage over the operating temperature range to the temperature 
range. 


INPUT OFFSET CURRENT — The difference between the 
currents into the two input terminals when there is zero voltage 
between the two outputs. 


INPUT BIAS CURRENT — The average of the two input currents. 


INPUT RESISTANCE — The resistance looking into either input 
terminal with the other grounded. 

INPUT CAPACITANCE — The capacitance looking into either 
input terminal with the other grounded. 

INPUT VOLTAGE RANGE — The range of voltages on the 


input terminals for which the offset and propagation delay 
specifications apply. 


COMMON MODE REJECTION RATIO — The ratio of the input 
voltage range to the peak-to-peak change in input offset voltage 
over this range. 


SUPPLY VOLTAGE REJECTION RATIO — The ratio of the 
change in input offset voltage to the change in power supply 
voltages producing it. 


OUTPUT HIGH VOLTAGE — The logic HIGH output voltage 
with an external pull-down resistor returned to a negative supply. 


OUTPUT LOW VOLTAGE — The logic LOW output voltage 
with an external pull-down resistor returned to a negative supply. 


POSITIVE SUPPLY CURRENT — The current required from the 
positive supply to operate the comparator. 


NEGATIVE SUPPLY CURRENT — The current required from 
the negative supply to operate the comparator, 
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Poss 


POWER DISSIPATION — The power dissipated by the com- 
Parator with both outputs terminated in 502 to -2.0V. 


SWITCHING TERMS (refer to Fig. 1) 


tod+ 


tog- 


INPUT TO OUTPUT HIGH DELAY — The propagation delay 
measured from the time the input signal crosses the input offset 
voltage to the 50% point of an output LOW to HIGH transition. 


INPUT TO OUTPUT LOW DELAY — The propagation delay 
measured from the time the input signal crosses the input offset 
voltage to the 50% point of an output HIGH to LOW transition. 


LATCH ENABLE TO OUTPUT HIGH DELAY — The propaga- 
tion delay measured from the 50% point of the Latch Enable 
signal LOW to HIGH transition to the 50% point of an output 


LATCH ENABLE TO OUTPUT LOW DELAY — The propaga- 
tion delay measured from the 50% point of the Latch Enable 
signal LOW to HIGH transition to the 50% point of an output 


MINIMUM SET-UP TIME — The minimum time before the 
negative transition of the Latch Enable signal that an input 
signal change must be present in order to be acquired and held 


MINIMUM HOLD TIME — The minimum time after the negative 
transition of the Latch Enable signal that the input signal must 
remain unchanged in order to be acquired and held at the outputs. 


tod+(E) 

LOW to HIGH transition. 
tod-(E) 

HIGH to LOW transition. 
ts 

at the outputs. 
th 
tpw(E) 


MINIMUM LATCH ENABLE PULSE WIDTH — The minimum 
time that the Latch Enable signal must be HIGH in order to 
acquire and hold an input signal change. 





OTHER SYMBOLS 


Ta Ambient temperature 
Rs _ Input source resistance 
Vs Supply voltages 

Vt Positive supply voltage 
V- Negative supply voltage 


VT Output load terminating voltage 


R, Output load resistance 
V:in Input pulse amplitude 
Vog Input overdrive 

f Frequency 
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MEASUREMENT OF PROPAGATION DELAY 


A voltage comparator must be able to respond to input signal levels ranging from a few millivolts to several volts, ideally with little 
variation in propagation delay. The most difficult condition is where the comparator has been driven hard into one state by a large signal, 
and the next input signal is just barely enough to make it switch to the other state. This forces the input stage of the circuit to swing 
from a full off (or on) state to a point somewhere near the center of its linear range, thus exercising both its large- and small-signal 
responses. If the comparator is fast for this condition, it should be as fast or faster for almost any other condition. The unofficial 
industry standard input signal is a 100mV step with an overdrive of 5mV (the overdrive is the voltage in excess of that needed to bring 
the output to the center of its dynamic range). The 100mV is more than enough to fully turn on tbe input stage, but not so large to make 
measurement a problem. Large pulses would require exceptionally good control on waveform purity, since only a few tenths of a 
percent of overshoot or ripple would be enough to affect the value of the overdrive and, for sensitive comparators, result in false 
switching. The propagation delay is measured from the time the input signal crosses the input threshold voltage (i.e., the offset voltage) 
to the 50% point of either output. This definition ensures that each unit is measured under equal conditions, and also makes the 
measurement relatively independent of the input rise and fall times. 


OUTPUT TO 


INPUT TO CHANNEL “B” 


CHANNEL “A” 
tpd— tod+ 
% MATCHED 502 COAX * * 
UNUSED OUTPUT MUST BE 
TERMINATED WITH 5092 
f = 100kHz TO GROUND 
pw = 30ns 


t= 2.5ns tpg MEASURED 
(10%-90%) FROM HERE 


INPUT FROM 
PULSE GEN. 


Am685 
UNDER TEST 
1002 


EXPANDED VIEW AT 

THRESHOLD REGION 

SHOWING PURITY OF 

PULSE REQUIRED TO O.5uF & % 
MAKE ACCURATE DELAY 

MEASUREMENTS AT 

MILLIVOLT OVERDRIVES 


2mV/div 


—— 2ns/div—- 
% % LOW LEAKAGE POLYETHYLENE 
OR EQUIV. 


t+15V -15V 


; LIC-123 
Figure 2 


The test circuit of Figure 2 provides a means of automatically nulling out the offset voltage and applying the overdrive. With S1 in the 
“NULL" position, the feedback loop around the Am685 via the two operational amplifiers corrects for the offset of the circuit including 
any dc shift in the ground level of the input signal. When switched to "TEST", the offset is held on the storage capacitor of the Am216A 
and the overdrive is added at the Am216A non-inverting input. The duty cycle of the signal is made low so that the presence of the input 
pulse during nulling will not disturb the offset. A solid ground plane is used for the test jig, and capacitors bypass the supply voltages. 
All power and signal leads are kept as short as possible. The Am685 input and output run directly into the 502 inputs of the sampling 
scope via equal lengths of 502 coaxial cable. For the conditions shown in the figure, tod+ is measured at the Q output and tog- at the 
Q output. If it is desired to measure the opposite output polarities, the polarities of the input signal and overdrive must be reversed. 


THERMAL CONSIDERATIONS 


To achieve the high speed of the Am685, a certain amount of power must be dissipated as heat. This increases the temperature of the 
die relative to the ambient temperature. In order to be compatible with ECL Ill and ECL 10,000, which normally use air flow as a means 
of package cooling, the Am685 characteristics are specified when the device has an air flow across the package of 500 linear feet per 
minute or greater. Thus, even though different ECL circuits on a printed circuit board may have different power dissipations, all will have 
the same input and output levels, etc., provided each sees the same air flow and air temperature. This eases design, since the only change 
in characteristics between devices is due to the increase in ambient temperature of the air passing over the devices. If the Am685 is oper- 
ated without air flow, the change in electrical characteristics due to the increased die temperature must be taken into account. 


INTERCONNECTION TECHNIQUES 


All high-speed ECL circuits require that special precautions be taken for optimum system performance. The Am685 is particularly 
critical because it features very high gain (60dB) at very high frequencies (100MHz). A ground plane must be provided for a good,.low 
inductance, ground current return path. The impedance at the inputs should be as low as possible and lead lengths as short as practical. 
It is preferable to solder the device directly to the printed circuit board instead of using a socket. Open wiring on the outputs should be 
limited to less than one inch, since severe ringing occurs beyond this length. For longer lengths, the printed-circuit interconnections be- 
come microstrip transmission lines when backed up by a ground plane, with a characteristic impedance of 50 to 1502. Reflections will 
occur unless the line is terminated in its characteristic impedance. The termination resistors normally go to -2.0V, but a Thevenin 
equivalent to V~ can be used at some increase in power. Best results are usually obtained with the terminating resistor at the end of the 
driven line. The lower impedance lines are more suitable for driving capacitive loads. The supply voltages should be well decoupled with 
RF capacitors connected to the ground plane as close to the device supply pins as possible. 
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INPUT VOLTAGE — mV 


PROPAGATION DELAY — ns 


OUTPUT VOLTAGE — V 


PROPAGATION DELAY — ns 


PERFORMANCE CURVES 


Am685 


(Unless otherwise specified, standard conditions for all curves are Ta = 25°C, vt= 6.0V, V7 =-5.2V, 
VT =-2.0V, Ry = 502, and switching characteristics are for Vin = 100MV, Vog = 5mV.) 
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PERFORMANCE CURVES (Cont.) 


(Unless otherwise specified, standard conditions for all curves are Ta = 25°C, vis 6.0V, V7 =-5.2V, 
VT =-2.0V, RL = 50Q, and switching characteristics are for Vin = 100MV, Vog = SMV.) 


Set-up Time as a Set-up Time as a 
Function of Temperature Function of Input Overdrive Common Mode Pulse Response 
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OUTPUT VOLTAGE-V 


SUPPLY CURRENT—mA 


INPUT BIAS CURRENT—yzA 


INPUT RESISTANCE-kQ 


PERFORMANCE CURVES (Cont.) 
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(Unless otherwise specified, standard conditions for all curves are Ta = 25°C, vt = 6.0V, V~ =-5.2V, 
VT =-2.0V, Ry = 502, and switching characteristics are for Vin = 100MV, Vog = SmV.) 
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TYPICAL APPLICATIONS 


(Ta = 25°C) 
High-Speed Window Detector 


c eS eae 
; aot OUTPUT 
H 200 mV/div 


: 

Soe 
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300MHz Line Receiver 


20mV/div 


Ins/div 
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High-Speed Sampling 


OUTPUT 
0 TO +200mvV 


i 4 ed : ei e 500mV/div 
502 


VREF 
O 
100 mV/div 


LATCH : } -- 1 Ba 500 mV/div 
ENABLE 
(Sample Rate = 100MHz) 
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Metallization and Pad Layout 
32 x 54 Mils 
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Am686 


Voltage Comparator 





Distinctive Characteristics 
e 12ns MAXIMUM PROPAGATION DELAY AT 5mV ® Electrically and optically inspected dice for assemblers 


OVERDRIVE of hybrid products. 
® Complementary Schottky TTL outputs @ Available in metal.can and hermetic dual-in-line 
@ Fanout of 5 packages. 
@ 100% reliability assurance testing in compliance with 

MIL-STD-883 


FUNCTIONAL DESCRIPTION Metallization and Pad Layout 


The Am686 is a fast voltage comparator manufactured with an 
advanced bipolar NPN, Schottky diode high-frequency process that 
makes possible very short propagation delays without sacrificing 
the excellent matching characteristics hitherto associated only with 
slow, high-performance linear IC’s. The circuit has differential analog 
inputs and complementary logic outputs compatible with Schottky 
TTL. The output current capability is adequate for driving 5 
standard Schottky inputs. The low input offset and high resolution 
make this comparator especially suitable for high-speed precision 
analog-to-digital processing. 











A latch function is provided to allow the comparator to be used in a 
sample-hold mode. If the Latch Enable input is LOW, the com- 
parator functions normally. When the Latch Enable is driven HIGH, LATCH 
the comparator outputs are locked in their existing logical! states. ENABLE 
If the latch function is not used, the Latch Enable may be left open 
or connected to ground. 46 X 53 Mils 
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CIRCUIT DIAGRAM 
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ORDERING INFORMATION CONNECTION DIAGRAMS 
Top Views 
Part Package Temperature Order Meta! Can Dual-In-Line 
Number Type Range Number 


Metal Can 0°C to 70°C Am686HC i 


tse DIP O°Cto70°C — Am686DC aa 
NON-INVERTING ¢4 O & G OUTPUT RONSINVERTING ct 


Metal Can —55°C to +125°C Am686HM INPUT 
eines DIP —55°C to+125°C _Am686DM eo SN oie a 


Dice 0°C to 70°C Am686XC 2 ia pa 
LATCH 


Dice —55°C to +125°C Am686XM ENABLE 
LIC-131 





INVERTING 





Am686 


Note 1: On metal package, pin 5 is connected to case. LIC-132 
On DIP, pin 6 is connected to case. 
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Am686 
MAXIMUM RATINGS (Above which the useful life may be impaired) 
































Positive Supply Voltage +7V Operating Temperature Range 

Negative Supply Voltage -7V Am686-C O°C to +70°C 
Input Voltage t4V Am686-M —55°C to +125°C 
Differential Input Voltage t+6V Operating Supply Voltage Range 

Power Dissipation (Note 2) 600mW Am686-C Vt = +5.0V +5%, V— = —6.0V +5% 
Lead Temperature (Soldering, 60 sec.) 300°C Am686-M Vt = +5.0V 410%, V~- = —6.0V +10% 
Storage Temperature Range . —65°C to +150°C Minimum Operating Voltage (V* to V—) 9.7V 


ELECTRICAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES (Unless Otherwise Specified) 
DC Characteristics 






























































Symbol Parameter Conditions (Note 3) Am686-C Am686-M Units 
Vos inmuvorase Voltas Rs < 1002, Ta = 25°C 3.0 2.0 mV MAX. 
Rg < 1002 | 3.5 3.0 | mV haa 
AVos/AT Average Temperature Coefficient | Rg < 1002 10 | 10 uV/°C MAX. 
of Input Offset Voltage 
los Input Offset Current es C< ou (max.) - . a. oes 
OE Ge TAS Tada 10 10 uA MAX. 
Ip Input Bias Current Ta =TA(min.) 13 16 uA MAX. 
| Vcm | Input Voltage Range im +2.7, -3.3 a +2.7, —3.3 V MIN. 
CMRR Common Mode Rejection Ratio Rs < 1002, —3. 3V< Vem <+2.7V 80 80 dB MIN. 
SVRR Supply Voltage Rejection Ratio | Rg < 1009 “oe 70 dB MIN. a 
VoH Output HIGH voltage IL = —1.0mA, Vg = Vg (min.) 2.7 | 2.5 [Vv MIN, 
[ VoL Output LOW Voltage IL = 10mMA, Vg = Vg (max.) 0.5 0.5 V MAX. | 
i+ Positive Supply Current 42 40 mA MAX, 
I~ Negative Supply Current 
PpIss Power Dissipation 















Switching Characteristics (Vt = +5.0V, V— = —6.0V, Vin = 100mV, Vog = 5.0mV, CL = 15pF) (Note 4) 


Propagation Delay, TA (min.) < TA < 25°C 
Input to Output HIGH Ta = TA (max.) 





Propagation Delay, Ta (min.) < Ta < 25°C 


Input to Output LOW Ta = Ta (max.) 





Difference in Propagation Delay 


between Outputs se lala 





Notes: 2. For the metal can package, derate at 6. 8mWw/°C for operation at ambient temperatures above +95° C; for the dual-in-line package, derate at 
9mw/°C for Operation at ambient temperatures above 115°C. 
3. Unless otherwise specified, vis +5.0V, V7 = —6.0V and the Latch Enable input is at Vo_. The switching characteristics are for ae100mV 
input step with 5.0m¥V overdrive. 
4. The outputs of the Am686 are unstable when biased into their linear range. In order to prevent oscillation, the rate-of-change of the input signal 
as it passes through the threshold of the comparator must be at least 1V/us. For slower input signals, a small amount of external positive feedback 
may be applied around the comparator to give a few millivolts of hysteresis. 


PERFORMANCE CURVES 


Propagation Delays as a Propagation Delays as a Output Rise and Fall Times 
Function of Input Overdrive Function of Temperature as a Function of Temperature 


8 
C_ = 15pF 


Vin = 100mv = 7 LCL = 15 PF 


10%-90% 
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Am687-Am68/A 


Dual Voltage Comparators 





Distinctive Characteristics 


@ 8.0ns MAXIMUM PROPAGATION DELAY AT 5mV 
OVERDRIVE 

@ Complementary ECL outputs » 

@ 502 line driving capability 


FUNCTIONAL DESCRIPTION 


The Am687 and Am687A are fast dual voltage comparators con- 
structed on a single silicon chip with an advanced high-frequency 
process, The circuits feature very short propagation delays as well 
as excellent matching characteristics. Each comparator has differ- 
ential analog inputs and complementary logic outputs compatible 
with most forms of ECL. The output current capability is adequate 
for driving terminated 502 transmission lines. The low input offsets 
and short delays make these comparators especially suitable for 
high-speed precision analog-to-digita! processing. 

The comparators are similar to the Am685 high-speed comparator 
but have been designed to operate from a 5V positive supply 
(instead of GV), dissipating less power than two Am685's. Separate 
latch functions are provided to allow each comparator to be inde- 
pendently used in a sample-hold mode. The Latch Enable inputs 
are intended to be driven from the complementary outputs of a 
standard ECL gate. If LE is HIGH and LE is LOW, the comparator 
functions normally. When LE is driven LOW and LE is driven HIGH, 
the comparator outputs are locked in their existing logical states. If 
the latch function is not used, LE must be connected to ground. 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


@ Electrically and optically inspected dice for assemblers 
of hybrid products. 


@ Available in the hermetic dual-in-line package. 


FUNCTIONAL DIAGRAM 


NON- NON- 
INVERTING INVERTING 
INPUT QOUTPUT Q OUTPUT INPUT 

O 


GOuUTPUT G OUTPUT 


© 
INVERTING INVERTING 


LE LE 
aa Genie 


—— 
LATCH ENABLE LATCH ENABLE 
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The outputs are open emitters; therefore external pull-down resistors 
are required. These resistors may be in the range of 50-2002 
connected to —2.0V, or 200-20002 connected to —5.2V. 


CIRCUIT DIAGRAM (Each Comparator) 


NON-INVERTING , 
INPUT 
INVERTING 
INPUT ° 


Qg 
Q12 
O44 
R42 R13 
2002 3kQ 


ORDERING INFORMATION 


Part Package Temperature Order 
Number Type Range Number 


—30°C to +85°C 
—55°C to +125°C 
—30°C to +85°C 
—55°C to +125°C 
—30°C to +85°C 
—55°C to +125°C 


Am687A DIP 
Am687A DIP 
Am687 DIP 
Am687 DIP 
Am687 Dice 
‘Am687 Dice 


AM687ADL 


AM687DL 
AM687DM 
AM687XL 
AM687XM 


— 


AM687ADM 


Ry iz 
Q OUTPUT 
O25 
v= 
R14 Rg Re Rig 
5602 3.3kQ 3.3k2 1502 
= LIC-135 


METALLIZATION AND 
PAD LAYOUT 


CONNECTION DIAGRAM 
Top View 


INPUT 


NON-INV. NON-iNV. 
INPUT 


LIC-136 


DIE SIZE 0.056” X 0.056” Note: Pin 1 is marked for orientation. 





Am687/687A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 






































Positive Supply Voltage +7V Operating Temperature Range 

Negative Supply Voltage -7V Am687-L, Am687A-L —30°C to +85°C 
Input Voltage +4V Am687-M, Am687A-M —55°C to +125°C 
Differential Input Voltage t6V Storage Temperature Range —65°C to +150°C 
Output Current 30mA Lead Temperature (Soldering, 60 Sec.) 300°C 
Power Dissipation (Note 2} 600 mW Minimum Operating Voltage (Vt to V~) 9.7V 





ELECTRICAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES (Unless otherwise specified) 


Am687A-L Am687A-M 
DC Characteristics Am687-L Am687-M 
Symbol Parameter Conditions (Note 3) Min. Max. Min. Max. Units 
Rs < 1002, T, = 25°C 
Rg < 1002 -3.5 













Input Offset Voltage 














Average Temperature Coefficient 
of Input Offset Voltage 


258°C <Ta <T -1.0 +1.0 : 
los Input Offset Current A A(max.) 
Ta = Ta(min.) | -1.3 +1.3 | -1.6 +1.6 BA 
10 


25°C <Ta <T 10 
Ig Input Bias Current A A(max.) 
Ta = Ta(min.) 


13 { 16 uA 
Input Voltage Range -3.3 +2.7 Ee +2.7 | Vv 
Rg < 1002, -3.3 < Vey < +2.7V 80 80 dB 


Common Mode Rejection Ratio 


Supply Voltage Rejection Ratio Rg < 1002, AVg = 5% 70 70 dB a 
-0.810 


+10 






Rg < 1002 









































Ta = 25°C 0.960 | -0.81 0| -0.960 


Vou Output HIGH Voltage Ta = Texte) ~1.060| -0.890 | -1.100 













Ta = Ta(max.) -0.890| -0.700| -0.850 



















-0.620 fee, 
po 
Ta = 25°C -1.850 | -1.650] -1.850 . 
VoL Output LOW Voltage Ta = Ta(min.) -1.890 | -1.675 | -1.910 
Ta = Ta(max.) -1.825 | -1.625 | -1.810 



















35 











t+ Positive Supply Current 
I~ Negative Supply Current 




















Power Dissipation 


Switching Characteristics (Vj, = 100 mV, Vog = 5 mV) 
Ta(min.) <Ta < 25°C 


tod+, tog— Propagation Delay, AmM687A 
a P Ta = Ta(max.) 


Ta(min.) <Ta < 25°C 
Ta = Talmax.) 
ts Minimum Latch Set-up Time Ta = 25°C 














tod+, tod— Propagation Delay, Am687 

















Notes: 2. Derate at 9mW/°C for Operation at ambient temperatures above +115°C. 
3. Unless otherwise specified Vt = +5.0V, V~ = -5.2V, Vr = -2.0V, and R, = 502; all switching characteristics are for a 100mV input step with 
5SmV overdrive. The specifications given for Vog, log, Ig, CMRR, SVRR, tod+ and tod— apply over the full Vonpy range and for +5% supply voltages. 
The Am687 and Am687A are designed to meet the specifications given in the table after thermal equilibrium has been established with a trans- 
verse air tlow of 500 LFPM or greater. 


‘PERFORMANCE CURVES 


Propagation Delays as a Propagation Delays as a Output Rise and Fall Times 
Function of Input Overdrive Function of Temperature as a Function of Temperature 


4 
10% - 90% 
Ry = 502 
V7 =-2.0V 
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Ami500 


Dual Precision Voltage Comparator 





Distinctive Characteristics 


@® The Am1500 is functionally, electrically, and pin-for- 
pin equivalent to the National LH2111 

@ The Am1500 is a dual 111, but requires 25% less 
power than two 111 comparators 

® Output Drive — 50V and 50mA 

@ Input Bias Current — 150nA max. 


FUNCTIONAL DESCRIPTION 


The Am1500 is a voltage comparator featuring low input 
currents, high differential and common mode voltage.ranges, 
wide supply voltage range, and outputs compatible with all 
bipolar and MOS circuitry. The inputs and outputs can be 
isolated from system ground, and the output can drive loads 
referred to ground or either supply. Strobing and offset 
balancing are available and the outputs can be wire-ORed. 


@ Input Offset Voltage — 4.0mV max. 

@ Differential Input Voltage Range — +30V 

® 100% reliability assurance testing in compliance with 
MIL-STD-883 

@ Available in Hermetic Dual-In-Line or Hermetic Flat 
Packages 





FUNCTIONAL DIAGRAM 
(each half) 


vty COLLECTOR 


OUTPUT 
Ve 


NON-INVERTING 
INPUT 


INVERTING 
INPUT 
VE 
EMITTER 
BALANCE/ OUTPUT 
STROBE 


BALANCE 
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CONNECTION DIAGRAMS 
Top Views 


Dual In-Line 


Flat Package 


COLLECTOR output ~ BCE vt 8 


Note: Pin 1 is marked for orientation. 


LIC-139 


LIC-140 


ORDERING INFORMATION 


Package 
Type 
TO-99 
Am1500C Hermetic DIP 
TO-99 
Hermetic DIP 


Part 
Number 


Am1500L 


Hermetic DIP 


Am1500M ‘Flat Pak 
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Temperature 
Range 

0°C to +70°C 

0°C to +70°C 
-25°C to +85°C 
-25°C to +85°C 
-55°C to +125°C 
-55°C to +125°C 





Order 
Number 


AM1500DC 
AM1500FC 


AM1500DL 
AM1500FL 


AM1500DM 
AM1500FM 








Am1500 
MAXIMUM RATINGS 





















































Voltage from Vt to V~ 36V 
Voltage from Collector Output to V— 

Am1500M, L 50V 

Am1500C 40V 
Voltage from Emitter Output to V— : 30V 
Voltage between Inputs +30V 
Voltage from Inputs to V— +30V, —OV 
Voltage from Inputs to vt —30V 
Power Dissipation (Note 1) 500mW 
Output Short Circuit Duration 10 sec 
Operating Temperature Range 

Am1500M -55°C to +125°C 

Am1500L ~25°C to + 85°C 

Am1500C O°Cto+ 70°C 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (soldering, 10 sec) 300°C 





ELECTRICAL CHARACTERISTICS 
(T 9 = 25°C unless otherwise specified) (Note 2) 
Am1500M 
Am1500C Am1500L 
Parameter (see definitions) Conditions Min, T Max. Min. Typ. Max. Units 
7.5 


yp. 
Input Offset Current (Note 3) LS et 6.0 


















50.0 
Input Bias Current (Note 3) 100 2 


50 
3.9 7.5 
2.6 5.0 





















Response Time (Note 4) 









Supply Current—Positive (Note 5) 
—Negative (Note 5) 


Voltage Gain 


Saturation Voltage 






Vin < —5.0mV, Ic = 50mA 
Vin < —10mV, Ic = 50mA 


Vin 2 +5.0mV, Vc to VE = SOV 
Vin 2 +10mV, Vc to VE = 40V 





























Output Leakage Current 








Input Offset Voltage (Note 3) 
Input Offset Current (Note 3) 


Input Bias Current (Note 3) 






















Vin < —6.0MV, Ic = 8.0mA 
Vin < —10mV, Ic = 8.0mMA 
V 


in 2 +6.0mV, Vc to VE = 50V 


ue a ane | 


Notes: 1. For the Flat Package derate at 6.5mW/°C for operation at ambient temperatures above 83°C, and the Dual-In-Line at 9mW/C for operation at 
ambient temperatures above 95°C. 

Unless otherwise specified, these specifications apply for Vt =+15V, V— =—15V, Ve = —15V, and R__ at collector output = 7.5kQ to +15V. 

The offset voltage, offset current and bias current given are the maximum values required to drive the collector output to within 1V of the supplies 
with a 7.5kQ load. These parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

The response time specified (see definitions) is for a 100mV input step with 5.0mV overdrive. 

The Am1500 supply current is the sum of the supply currents required by each side. 


Saturation Voltage 














Output Leakage Current 

















Input Voltage Range 












Supply Current—Positive (Note 5) 
—Negative (Note 5) 


on 


ol 
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Am1500 


PERFORMANCE CURVES 


Input Bias Current Input Offset Current Offset Error 


100 - 
Ta = 25°C 











MAX!IMUM2:— 
Ne 











10 











TYPICAL 

















Am1500M,L 
j= = = Am1500C 








Vos = Yost Rslos 














0 0.1 
-55 -35-15 5 25 45 65 85 105 125 -55 -35 -15 5 25 45 65 85 105 125 10k 100k 1M 10M 


TEMPERATURE-°C TEMPERATURE — °C INPUT RESISTANCE-2 


INPUT BIAS CURRENT-nA 
INPUT OFFSET CURRENT—nA 
EQUIVALENT INPUT OF FSET VOLTAGE-mV 


Response Time For 
Common Mode Limits Transfer Function Various Input Overdrives 


| Vtt=50V 
T Am1500M, L 


























OUTPUT VOLTAGE -V 





COMMON MODE LIMITS-V 
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~55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE-°C DIFFERENTIAL INPUT VOLTAGE-mV 


Response Time For Response Time For Response Time For 
Various Input Overdrives Various Input Overdrives Various Input Overdrives 


















































INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 
INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 
INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 





0.2 0.4 0.6 
TIME~ys TIME-ys TIME-us 


Supply Current Supply Current Leakage Current 





POSITIVE SUPPLY 
Our LOW. 








Re | POSITIVE SUPPL. 


OUTPUT LOw7— 

















NEGATIVE SUPPLY 








+ 
POSITIVE SUPPLY 
OUTPUT HIGH 





SUPPLY CURRENT- mA 
SUPPLY CURRENT-mA 
LEAKAGE CURRENT—A 



































ry) 
+5 +10 + -55 -35-15 5 25 45 65 85 105 125 1 65 85 105 125 
SUPPLY VOLTAGE -V TEMPERATURE-°C TEMPERATURE —°C LIC-141 
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Am1500 


APPLICATIONS 


Strobing Strobing Off Both 
Input and Output Stages** 


B/S 


2N2222 


TTL 


2N2222 STROBE 


LIC-142 LIC-143 


Offset Balancing Increasing Input 
Stage Current* 


LIC-144 LIC-145 


*|Increases input bias current and common-mode slew rate by a factor of 3. 
**Typical input current = 50pA with inputs storbed OFF. 
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LH2111/2211/2311 


Dual Precision Voltage Comparator 





Distinctive Characteristics 


@ The LH2111/2211/2311 are functionally, electrically, ® Input Offset Voltage — 4.0mV max. 
and pin-for-pin equivalent to the National LH2111/ @ Differential Input Voltage — +30V | 


2211/2311 @ 100% reliability assurance testing in compliance with 
@® The LH2111 is a dual 111, but requires 25% less MIL-STD-883 

power than two 111 comparators @ Available in Hermetic Dual-In-Line or Hermetic Flat 
® Output Drive — 50V and 50mA Packages 


@ Input Bias Current — 150nA max. 





FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 
(Each Half) 

The LH2111/2211/2311 are voltage comparators featuring 

low input currents, high differential and common mode 

voltage ranges, wide supply voltage range, and outputs com- 

patible with all bipolar and MOS circuitry. The inputs and 

outputs can be isolated from system ground, and the output NON-INVERTING 
can drive loads referred to ground or either supply. Strobing INPUT 
and offset balancing are available and the outputs can be 

wire-ORed. aera 


vt ovo COLLECTOR 
OUTPUT 


Vc 


VE 
EMITTER 


BALANCE BALANCE/ OUTPUT 
STROBE 
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CONNECTION DIAGRAMS 
Top Views 


Dual-tn-Line Flat Package 


BALANCE — B{_] HE INVERTING INPUT - B 
BALANCE/STROBE ~ B{_] [ JEMITTER OUTPUT — B 


COLLECTOR OUTPUT - Bf Satmemyp ed Jy? — B 


COLLECTOR OuTPUT - BL__] 


LIC-147 LIC-148 


ORDERING INFORMATION 


Part Package Temperature Order 
Number Type Range Number 

DIP 0°C - +70°C LH2311D 
Flat Pak 0°Cc - +70°C LH2311F 


DIP —25°C -+85°C LH2211D 
Flat Pak —25°C - +85°C LH2211F 


coias DIP —55°C-+125°C LH2111D 
Flat Pak —55°C - +125°C LH2111F 


LH2311 


LH2211 
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LH2111/2211/2311 
MAXIMUM RATINGS 

















Voltage from Vt to V~ 36V 
Voltage from Collector Output to V7 

LH2111/LH2211 50V 

LH2311 40V 
Voltage from Emitter Output to V— 30V 
Voltage between Inputs +30V 
Voltage from Inputs to V— +30V, —OV 
Voltage from Inputs to Vt —30V 
Power Dissipation (Note 1) 500mW 
Output Short Circuit Duration 10 sec 
Operating Temperature Range 

LH2111 —55°c to +125°C 

LH2211 —25°C to +85°C 

LH2311 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (soldering, 10 sec) 300°C 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (Note 2) 


LH2111 
LH2311 LH2211 
Parameter (see definitions) Conditions Min. Typ. Max. Min. Typ. Max. Units 


Input Offset Current (Note 3) 


Response Time (Note 4) RL = 5002 to +5V, Ve =0 


Supply Current—Positive (Note 5) 
—Negative (Note 5) 


Vin <—5mV, Ic =50mA 

VIN <—10mV, Ic = 50mA 
+5mV, Vc to VE = 50V 
+10mV, Vc to Ve = 40V 
The Following Specifications Apply Over The Operating Temperature Ranges 


Nj} 
MI} 


Saturation Voltage 


> 
Output Leakage Current > 


o 
nN 


- 
R ~ 
oa 


Input Offset Voltage (Note 3) 
Input Offset Current (Note 3) 
Input Bias Current (Note 3) 


+ 
— 
w 


VIN <—6mMV, Ic = 8mMA 
Vin <~—10mV, I¢ = 8mA 


Output Leakage Current VIN 2 t6mV, Vc to Ve = 50V 


Saturation Voltage 


Input Voltage Range 


Supply Current—Positive (Note 5} 


= ) 
—Negative (Note 5) Tas hee 





A 
a HD 


Notes: 1. For the Flat Package derate at 6.5 mwW/C for operation at ambient temperatures above 83°C, and the Dual-In-Line at 9 mW/C for operation at 
ambient temperatures above 95°C. 

Unless otherwise specified, these specifications apply for Vt = 15V, V—~ = —15V, Ve =—15V, and R, at collector output = 7.5k2 to +15V. 

The offset voltage, offset current and bias current given are the maximum values required to drive the collector output to within 1V of the sup- 
plies with a 7.5kQ load. These parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 
The response time specified (see definitions) is for a 100mV input step with SmV overdrive. 

The LH2111 supply current is the sum of the supply currents required by each side. 


LE ae 
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INPUT BIAS CURRENT- nA 


COMMON MODE LIM!TS-V 


INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 


SUPPLY CURRENT- mA 


Input Bias Current 
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-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE-°C 


Common Mode Limits 





LH2111/LH2211__| | 
LH2311 
































Vv 
~55 -35 -15 5 25 45 65 85 105 125 


TEMPERATURE-°C 


Response Time For 
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APPLICATIONS 


Strobing Off Both 
Input and Output Stages** 


TTL 


eNeeer STROBE 


LIC-151 


Increasing Input 
Stage Current* 
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*Increases input bias current and common-mode slew rate by a factor of 3. 
**Typical input current = 50pA with inputs strobed OFF. 
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A NEW HIGH-SPEED 
COMPARATOR THE Am685 


By Jim Giles and Alan Seales 





INTRODUCTION 


Modern electronic systems require more and more that 
operations be performed in a few nanoseconds so that the 
delay of the complete system, which may be very complex, be 
held to a minimum. There are abundant logic circuit elements 
available that meet this criterion: gold-doped TTL, Schottky 
TTL, and emitter-coupled logic (ECL), listed in descending 
order of propagation delay. Where it is necessary to interface 
from the analog world to the input of a logic system, or to 
detect very low-level logic signals in the presence of heavy 
noise, a high-speed precision comparator is needed. If such a 
comparator had a propagation delay less than 10ns, it could 
replace costly and complex circuitry that designers are now 
forced to use in very high-speed analog-to-digital converters, 
data acquisition systems, and optical isolators, as well as make 
possible many applications hitherto considered unfeasible. It 
could also be used as a sensitive line receiver or sense amplifier, 
in 100MHz sample and hold circuits, and in very high- 
frequency voltage-controlled oscillators. 


The basic requirements fOr a high-speed precision comparator 
are few and well-defined: good resolution (high gain), high 
common-mode and differential voltage ranges, Outputs com- 
patible with standard logic levels, and, above all, very fast 
response to signal levels ranging from a few millivolts to several 
volts. The industry workhorse, the 710, has come close to 
meeting these requirements, and except for the most demand- 
ing applications, its 4Ons propagation delay is adequate. A 
survey of presently available monolithic IC comparators 
(Table |) shows that there is really none that meets the 
requirements of very high-speed systems. The newer TTL-out- 
put circuits offer only marginal improvement over the 710 
when measured under identical conditions of large input pulse 
and small overdrive, and the ECL-output comparator, although 
faster, has such poor resolution that it can be used only for 
large input signals. Advanced Micro Devices felt there was a 
need for a family of linear devices to fill the needs of very 
high-speed systems, with the first circuit being a precision 
comparator with less than 10ns delay. 


Propagation 
Delay 
200ns 

40ns 
40ns 
25ns 
25ns 
12ns 


Logic 


Family Resolution 


Am111 
yA710 


Am106 
uA760 
NE527/529 
MC1650 


Table I: Propagation Delays of Available Monolithic IC 
Comparators (100mV Input Step, 5mV Overdrive) 


DESIGN OBJECTIVES 


In order to achieve the ultimate in speed, it is clear that the 
comparator outputs must be compatible with ECL, even 





though at present the majority of systems use TTL. Designers 
striving for the highest possible speed will already be using 
ECL in the critical circuit areas of their systems to squeeze the 
last possible nanosecond out of the overall delay. Further, an 
ECL circuit requires only one-third the gain of an equivalent 
TTL circuit for the same resolution owing to its smaller output 
logic swing. This means that lower impedances can be used and 
consequently larger bandwidth realized for the same power 
dissipation. Also, there is no problem interfacing the linear 
input stages with the digital output gate since an ECL gate is 
basically a non-saturating overdriven differential amplifier. 
Properly driving a TTL gate from a linear amplifier is more 
difficult, however, because it requires a large voltage swing 
suitably biased to track the input logic threshold with 
temperature, plus a large peak negative current capability to 
turn off the gate with minimum delay. 


The usefulness and versatility of a comparator can be 
enhanced by adding a strobe or latch function to the circuit. A 
strobe simply forces the output of the comparator to one 
fixed state, independent of input signal conditions, whereas a 
latch locks the output in the logical state it was in at the 
instant the latch was enabled. The latch can thus perform a 
sample and hold function, allowing short input signals to be 
detected and held for further processing. If the latch is 
designed to operate directly upon the input stage—so the signal 
does not suffer any additional delays through the 
comparator—signals only a few nanoseconds wide can be 
acquired and held. A latch, therefore, provides a more useful 
function than a strobe for very high-speed processing. 


The most difficult input signal for a comparator to respond to 
is a large amplitude pulse that just barely exceeds the input 
threshold. This forces the input stage of the comparator to 
swing from a full off (or on) state to a point somewhere near 
the center of its linear range. This exercises both the large-and 
small-signal responses of the stage. If the comparator has less 
than 10ns delay under these stringent conditions, then it 
should be as fast or faster for any other circumstances (see 
Figure 1). The industry standard measurement is with a 
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Response to step input signals at output of 
a differential amplifier 


Figure 1. 
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100mV input pulse and an overdrive 5mV above input 
threshold (this was used for the delays given in Table 1). Pulses 
larger than 100mV might be used, but this would multiply 
measurement difficulties, since only a few tenths of a percent 
aberration or ripple in the pulse generator waveform would be 
enough to seriously affect the accuracy of the small overdrive, 
and thus would give misleading results for the propagation 
delay. 


To obtain satisfactory speed for all input signals and particu- 
larly for the worst case measurement conditions, the input 
stage of the comparator must have: 1) wide small-signal 
bandwidth, 2} high slew rate for large signals, 3) minimum 
voltage swings, and 4) high gain. The first requirement can be 
realized by using low-value load resistors, by making every 
effort in circuit design, device geometry and processing to 
minimize parasitic capacitances, and by using transistors with 
the highest ff possible. The second item calls for high 
Operating currents as well as minimum capacitance. The last 
two requirements are conflicting, since obtaining high gain 
normally requires a large voltage swing; therefore some means 
of clamping the swing must be used that does not degrade the 
propagation delay. 


The overall gain of the complete comparator must also be high 
because, as illustrated in Figure 1, the propagation delay Is less 
if each stage is well overdriven. To ensure that most of the 
input overdrive signal is actually used for overdriving, and not 
consumed in just moving the output from one state to the 
other, the gain error should be no more than about 10% of the 
input overdrive. Therefore, for a 5mV overdrive and an ECL 
output swing of 800mV, the minimum gain must be 1600. It is 
not practical to strive for much higher gain than this because 
the small-signal rise time begins to suffer as the stage gain 
increases. Addition of another stage is undesirable as this also 
adds delay and increases circuit complexity. It must be 
remembered that there is a maximum limit on power 
dissipation that a single integrated circuit package can handle 
adequately, and this consideration must influence the choice 
of operating currents and impedance levels throughout the 
design of the circuit. 


With a figure for the total gain required, it is now possible to 
determine the number of stages and the gain per stage. Since 
the output stage must be ECL-compatible, its design is fixed, 
giving a differential-input to single-ended-output gain of about 
6. This leaves a differential gain of 270 to be provided by the 
remainder of the comparator. This is most efficiently divided 
between two stages, each with a gain somewhat over 16. Both 
stages should be identical, since minimum overall delay time is 
obtained when identical stages are cascaded. 


A factor not yet discussed that affects the accuracy of the 
comparator is its input offset voltage. Unless this is trimmed 
out initially, it must be added to the overdrive in determining 
the worse-case value of input signal for which the propagation 
delay specifications will be met. Even with trimming, the 
temperature drift of high-offset units is typically much greater 
than that of low-offset units. Therefore, it is desirable to have 
low initial offset so that trimming is not necessary, and so that 
the offset temperature coefficient will be good. Also affecting 
the offset voltage and its drift at higher source resistances are 
the input currents. To keep this contribution to the total 
offset low requires high current gains in the input transistors. 
Therefore, obtaining offsets in the 1-2mV range requires close 
attention to circuit design, mask layout, and very tight process 
control (equivalent to that needed for the high-performance, 
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tow-frequency operational amplifiers), but with the added 
kicker of fs well above 1GHz. 


As was mentioned, large common-mode and differential 
voltage ranges are desirable features of a comparator. The 
limits of the common-mode range in a well-designed circuit 
should be close to the supply voltages. Since a high-speed 
comparator will, of necessity, Operate at fairly high current 
levels, the supply voltages must be low to stay within the 
package power dissipation limits. As a minimum, the common- 
mode range should be equal to or exceed the differential 
voltage range to take full advantage of the voltage breakdown 
characteristics of the input transistors. The basic differential 
amplifier input stage has a differential voltage breakdown in 
the range of 5 to 6 volts; the design goa! for the common 
mode range should thus be at least +3 volts. 


In summary, the design objectives for a high-speed precision 
comparator are as follows: 


1) propagation delay <10ns measured at 100mV input 
step, 5 mV overdrive 

2) ECL-compatible outputs 

3) latch capability 

4) gain >1600 

5) input offset voltage <+t2mV 

6) common -mode range >+3V 


CIRCUIT DESIGN 


The watchword in designing wideband circuits is simplicity 
— have the fewest possible active devices in the signal path, the 
lowest possible impedance levels, and the lowest possible 
capacitance. The simple, common-emitter differential ampli- 
fier can be designed to approach these ideals with one major 
exception: the deleterious shunting effect of the collector-to- 
base capacitance upon the driving source resistance is multi- 
plied by the voltage gain of the stage (Miller effect). Even 
though the impedance levels will be only a few hundred ohms 
at most, this condition cannot be tolerated if maximum speed 
is to be achieved. The solution is to add an additional pair of 
common-base transistors to form a differential cascode ampli- 
fier (Figure 2). This circuit has all of the performance features 
of a common-emitter amplifier and no feedback capacitance. 


OUTPUT 1 © O OUTPUT 2 


LIC-155 


Figure 2. Differential cascode amplifier 


Further advantages of the cascode will become apparent later 
when the latch design is discussed. The only drawback is that 
there are more devices in the signal path, the positive 
common-mode range is reduced, and circuitry has to be 
provided to bias the cascode transistors. 


It is now necessary to provide a means of shifting the signal at 
the output of the cascode (which is very near the positive 
supply voltage) down to a lower voltage to drive the inputs of 
the second stage. The use of PNPs is definitely out because of 
their poor frequency response. This leaves three possibilities: a 
chain of forward-biased diodes, a programmed voltage drop 
across a resistor, or a zener diode. The diode chain is useful! for 
level shifts of only a few volts at most, above that, the number 
of diodes gets too large, with a consequent increase in shunt 
capacitance and temperature coefficient. The use of a current- 
source/resistor combination is in the wrong direction for 
keeping impedance levels tow. The resistors could be bypassed 
with capacitors, but this would offer only marginal improve- 
ment, since integrated capacitors have a large shunt compo- 
nent to the substrate. Besides, the addition of four capacitors 
(for both stages) would result in a large increase in chip area. 


The zener diode is definitely superior for high-frequency 
applications because its shunt capacitance to ground is low, 
being equal to the collector-to-base capacitance of a transistor. 
It has no capacitance to the substrate, and its dynamic 
resistance is quite low. It does have the disadvantage that the 
level shift is limited to one voltage (6V), which restricts the 
range of power supply variation the circuit can tolerate. In 
addition it requires very tight control of the manufacturing 
process to maintain the matching required. For an input stage 
gain of 16 the zener voltages have to be matched to better 
than 0.25% to produce less than 1mV offset voltage at the 
input, 


As shown in Figure 3, the zeners are buffered from the 
cascode collectors by emitter followers. The pulldown current 
through the zener-follower combination must be made large 
enough to discharge the node capacitance when the follower 
swings in the negative direction. The minimum value necessary 
is determined by the node capacitance, the signal swing, and 
the amount of delay that can be tolerated. The amount of 
signal swing can be reduced by adding clamping diodes across 
the collectors of the cascode. Regular diode-connected transis- 
tors could be used, but would add considerable collector-to- 
substrate capacitance across the load resistors as well as 
base-to-emitter capacitance between them. Schottky diodes, 
on the other hand, require little additional chip area, and are 
very fast. With clamping, some of the common-mode range 
lost when the cascode was added can be regained because the 
cascode transistors can be biased closer to the positive supply 
without fear of going into saturation at the extremes of the 
signal swing. The use of Schottky diodes, however, puts a few 
more gray hairs on the head of the process engineer since he 
has to contro! another set of characteristics without affecting 
the other parameters. The circuit values given in Figure 3 are 
designed for a minimum differential gain of 16, and a 
minimum. negative-going slew rate at the output of the 
level-shifter of 1000V/us. 


As mentioned earlier the design of the output stage (Figure 4) 
can vary little from that of a standard ECL gate. The 
output emitter followers have to be large enough to handle 
loading by a 50Q transmission line (25mA), yet small enough 
not to add a lot of capacitance that would slow down the 
response. Therefore, the transistor design must be as efficient 
as possible with regard to physical size and current-carrying 
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Figure 3. Basic cascode gain stage 


capacity. Since the input common-mode level to the gate 
varies with changes in the power supplies and resistor 
tolerance, a current source is used to supply the emitters of 
the gate, rather than the usual resistor to the negative supply. 
The design of this current source must be such as to provide 
the correct logical ‘1’ and ‘’0” levels at the output and the 
proper variation with temperature and power supply changes. 
The propagation delays to either output of this gate will be 
equal, whereas they are slightly different in a standard ECL 


gate owing to the additional capacitive loading on the QO 
output caused by the multiple input transistors. 


Implementation of the latch function must be accomplished 
without interfering with the normal comparator operation or 
degrading the speed in any way. It must be as close to the 
input as possible to permit short input signals to be acquired 
and held. One simple method of adding a latch to a differential 


Q OUTPUT O O OQ OUTPUT 
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Figure 4. Output gate 
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amplifier is shown in Figure 5. A pair of transistors, Q5 and 
Og, are cross-coupled at the collectors of the input transistors, 
Q, and Q5. The current source I9 is switched on when it is 
desired to enable the latch. If !2 is greater than |7, the positive 
feedback via Os and Q¢ will hold the circuit in whatever state 
it was in when the latch was turned on. 


The simple circuit of Figure 5 is not the best for speed because 

of the added capacitance of O5 and Q¢ and the fact that they 

output 1 O O OUTPUT 2 can saturate unless the signal swings are very small. However, it 

can be adapted to the cascode stage quite nicely as illustrated 

in Figure 6. Drive for the positive feedback transistors is taken 

from the level shifters, and the collectors go to the emitters of 

the cascode. With this arrangement there is no significant 

capacitive loading on the gain stage at all. The current source is 

switched by another differential amplifier, Qg—Q10, refer- 

enced to the ECL logic threshold voltage. This provides the 

correct input levels for the Latch Enable being driven from a. 
standard ECL gate as well as being very fast, since only 

currents are being switched. 

LATCH 

enna The latch current source (19) must be about ImA greater than 
the input current source (11) to ensure positive latching for 
any condition of input signal. Thus, for 5mA in the input 
stage, at least 6mA must be used to power the latch. This 
amounts to a lot of power consumed for a function that some 
users may never even need. However, there is a way to cut the 
latch standby power down to zero; this is accomplished by the 
Figure 5. Simple latch circuit addition of Q7 and Qg, as shown in Figure 8. 
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To understand the function of these transistors, first refer to 
Figure 7. The differential voltage appearing across the emitters 
of the cascode transistors is equal to the input signal (for small 
input signals). This is because the currents through the lower 
pair of transistors in the cascode are equal to the correspond- 
ing currents through the upper pair, and the transistors are 
matched; therefore the differences in base-emitter voltages 
must be equal. Thus, Q7 and Qg function as if they were 
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Figure 6. Cascode with latch Figure 7. Cascode with “parallel’’ transistors 
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Figure 8. Complete input cascode stage with latch 


simply connected in parallel with Qy and Qo, as far as the net 
effect at the collector load resistors is concerned. To obtain 
the desired total stage gain, the current |1 can be 2mA and 13 
can be 3mA. 
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Now refer to Figure 8. With the latch enable HIGH, Qg will 
be switched on and the 3mA current source will be supplied to 
the parallel transistors, Q7—Qg. The comparator functions 
normally, and no current is used up in the latch. When the 
latch enable goes LOW, I2 will be switched through QQ to the 
positive feedback transistors, robbing 3mA from the gain stage 
and giving it to the latch. The latch current is now 1mA 
greater than the input stage current, but the total current 
required is still only 5mMA. As with the latch transistors, the 
collectors of the parallel transistors are connected to the 
emitters of the cascode, so no additional capacitance is added 
across the load resistors. This places the requirement on Q7 
and Qg that they maintain their high fT at zero collector-to- 
base voltage. 


The use of the parallel transistors has the added bonus that the 
input bias currents are decreased by more than a factor of two, 
thus reducing their influence on the offset voltage. The 
penalty paid is that all three pairs of junctions (Q1—Q9, 
Q3-—04 and O7—Qg) add equally to the input offset. Once 
again, the processing must be carefully controlled to keep the 
overall offset within the 2mV goal. 


The complete circuit of the comparator is given in Figure 9. It 
includes some additional refinements as well as the DC biasing. 
The drive for the latching transistors is taken from the emitters 
of the second cascode rather than from the level-shifting 
zeners. This removes their input capacitance from the level 
shifter and also ensures that Q19 cannot saturate. A resistor 
(Rg) is included to center the common-mode voltage at the 
input to the gate within its dynamic range; this prevents 
saturation of the gate or its current source over the expected 
range of signal swing, temperature drift and supply voltage 
variations. A separate ground is used for the output emitter 
followers so that heavy loading at the output will not couple 
back into the remainder of the circuit. The DC bias chain for 
the current sources is referenced to ground and the negative 
supply, so the output logic levels will track those of other ECL 
circuits connected to the same negative supply. The current 
sources are designed to stay constant with temperature, which 
keeps the open-loop gain high at elevated temperatures 
(>1000 at +125°C), and thus helps to maintain good 
propagation delay. 
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Figure 9. Complete schematic of the Am685 comparator 
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PROCESS TECHNOLOGY 


Circuit design requirements for high speed and a latch function 
result in an input structure that has three pairs of transistors, 
the matching of- which determines the offset voltage. This 
dictates that the matching of VpeE shall be extremely good 
between the transistors in each pair in order to meet the 2mV 
maximum offset voltage target. For the speeds necessary the 
transistor f+ has to be in the region above 1 GHz, so high-fre- 
quency performance can not be compromised. The slew rate 
of the input stage has to be very high for acceptable response 
with large input signals. This is achieved by high operating 
current and low stray capacitances. It is very desirable to keep 
both the input bias current and the input offset current very 
low so that the impedances in the source voltages do not 
introduce intolerable input voltage errors. It would be possible 
to use a Darlington-connected input stage to achieve these low 
currents, but the penalty exacted in offset voltage, offset 
voltage drift, and propagation delay is unacceptable, so high 
current-gain transistors that match extremely well are needed. 
The problems are thus centered on achieving very well- 
matched transistors with high beta and high fT. 


As previously mentioned, it is desirable in a comparator to 
have a wide common-mode voltage range and high power- 
supply rejection ratio. This is facilitated by using Schottky 
diodes to clamp the collector-to-collector swings in the first 
two stages. Schottky diodes can be fabricated simply by 
making a window in the oxide over the N-type epitaxial layer 
and using the same evaporated aluminum as is used for the 
interconnects (see Figure 10). The contact potential between 
silicon and aluminum causes a potential! barrier to the flow of 
electrons. Making the metal positive lowers this barrier, 
allowing electrons to pass over it by virtue of their thermal 
energy. This process is essentially the same as thermionic 
emission. Since these electrons are majority carriers, Schottky 
diodes show extremely fast turn-off characteristics, desirable 
in this application. Why the Schottky diode is so attractive is 
that the forward voltage necessary to produce a given current 
may, be several hundred millivolts less than that required to 
produce the same current in a p-n junction diode of about the 
same size. It can thus be used as a “‘clamp”’ to prevent a 
bipolar transistor from saturating, when connected from 
collector to base so as to prevent the forward voltage of the 
collector-base diode from rising to a level sufficient to cause 
appreciable current flow in the collector-base diode. This is the 
common application in Schottky TTL circuits. 


In the ECL comparator the use is different. Here they are used 
back-to-back to limit the differential voltage swings between 
the collectors in both the first and the second stages. 
Connected in this way the reverse voltage seen by one 
Schottky diode is equal to the forward voltage drop of the 
other diode. Because this voltage is so small reverse leakage is 
not a great problem. In the simple Schottky diode structure, as 
described above, the reverse leakage is high. Most of this 
leakage current is generated at the perimeter of the metal, 
where there is an electric field concentration. In order to 
reduce this field the metal is extended all around the opening 
in the oxide, overlaying this oxide. Spacing the metal from the 
silicon in this way reduces the field and hence the leakage. In 
applications where low leakage is critical, the use of a P+ guard 
ring is called for, but this carries with it extra capacitance, so 
in view of the fact that the reverse voltage is so low the guard 
ring technique was discarded for this application. Even so, the 
diodes used in the comparator have low leakage characteristics 
with a breakdown at about 45V. 
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Figure 10. Cross section of transistor and Schottky 
diode showing sinker and P+ base contact 
enhancement 


At the very high speeds being considered, much effort has to 
go into reducing capacitances and resistances. Thinning down 
the epitaxial layer to the minimum required to sustain the 
voltages encountered is of benefit in two ways: 1) the 
collector-isolation sidewall area is reduced, lowering the 
collector-to-substrate capacitance; 2) the collector-series resist- 
ance is reduced. The two major contributions to collector- 
series resistance are the resistance of the epitaxial material 
between the emitter and the buried N+ layer, and the 
resistance of the epitaxial layer between the collector contact 
and the buried layer. However, the first resistance is subject to 
reduction by conductivity modulation during operation of the 
device and thus is less important than the second term. The 
second term can be made very small by using a ‘‘sinker”’, 
which is a high concentration N-type diffusion from the 
surface, through the epitaxial layer, to the buried N+ layer. 
Contact to the collector is then made to the surface of the 
sinker. (see Figure 10) 


Collector-to-base capacitance is held low by using very small 
dimensions and by using a relatively high epitaxial layer 
resistivity. The latter also serves to ‘reduce the collector-to- 
substrate capacitance. A further reduction in collector-to-base 
capacitance results from using a shallow, high sheet-resistivity 
diffusion for the base. However, this raises the base resistance, 
both because the bulk resistance from the contact to the active 
base region is increased and because the specific contact 
resistance is increased. These resistances may be reduced by 
depositing P+ regions under the base contact areas after the 
main base diffusion. 


A compromise has to be made in selecting emitter width. 
Large emitters are desirable for VBE matching, but very small 
emitters are essential for high fT. A stripe emitter, .25-mil 
wide and 1-mil long, was chosen as optimum. A difference 
in width, between two otherwise identical emitters, of 
.01-mil will be sufficient to cause an offset voltage of 1 mV. 
From this, it can be seen that the photolithography must be 
extremely carefully controlled, since the offset voltages of 
three pairs of transistors are summed to give the total offset of 
the comparator. Because the emitters are so narrow the normal 
procedure of making a contact cut inside of the emitter cannot 
be used. Instead, the emitter oxide is simply dissolved in 
hydrofluoric acid immediately before the aluminum evapora- 
tion in order to expose the emitter. As a consequence, the 
lateral distance between the metal and the emitter-base 
junction is very small, being equal to the lateral diffusion of 
the emitter. This means that the sintering process must be 
carried out at a temperature lower than is customary in linear 
circuit manufacture in order to avoid short-circuiting the 


emitter-base junction by lateral migration of aluminum. An 
additional reason for lowering the sintering temperature is to 

‘avoid penetration of aluminum down through the emitter and 
base, causing emitter-to-collector shorts. 


The requirement for high current gain, for low input bias 
currents, necessitates narrow base widths. Emitter-to-collector 
shorts can be a problem in these shallow, narrow-base 
structures. The probability of shorting can be minimized by 
careful cleaning procedures and by proper emitter doping 
levels. Keeping the emitter doping level low also reduces the 
magnitude of the ‘emitter dip’’ effect, whereby the diffusion 
coefficient of the boron in the region under the emitter is 
greatly increased by the lattice strain caused by the emitter, 
resulting in the running-on of the base under the emitter, 
making it very difficult to achieve a narrow base width. 


An area that is neglected in digital circuit processing, because 
high beta is not necessary, but which is of major importance in 
linear processing, is the control of surface conditions. It high 
current gains are to be realized, both the surface area of the 
emitter-base-depletion region and the surface recombination 
velocity must be minimized. The former implies that ionic 
contamination, such as sodium ions, must be eliminated and 
that the surface state charge density, Oss, should be made as 
low as possible. The surface recombination velocity is propor- 
tional to the fast surface state density and so can be minimized 
by making this density very low. These three goals; fow ionic 
contamination, low Oss and low fast surface state density are 
achieved by using the wetl known techniques of MOS and 
linear circuit processing, such as annealing in an inert 
atmosphere and proper choice of sintering cycle. 


In the interests of minimum capacitance, the metal inter- 
connects are designed to be narrower than is usual in linear 
circuits. Special etching techniques have to be -employed in 
order to reproduce these narrow lines reliably. These lines can 
be seen in the photomicrograph of Figure 11. 





Figure 11. Photomicrograph of the Am685 comparator 


PERFORMANCE 


The primary design objective for the comparator was to obtain 
under 10ns propagation delay for large input signals with small 
overdrive. It should then be as fast or faster for any other 
input conditions. The performance of the Am685 compara- 
tor for a 100mV step input at various overdrives is shown in 
Figures 12 and 13. The propagation delay is measured from 
the time the input step crosses the input threshold voltage to 
the time the output crosses the logic threshold voltage. The 
input threshold voltage (i.e., the offset voltage) was adjusted 
for the figures so that the delay can be simply measured by 
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Figure 12. Tpd —’’1" for 100mV step input and various 


overdrives (input = 5mV/cm, output = 
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Figure 13. Tpd —’’0” for 100mV step input and various 
overdrives (input = 5mV/cm, output = 
200mV/cm) 


counting up 5, 10, or 20mV from the bottom of the input 
pulse. The input pulse, therefore, is displayed on a magnified 
scale to facilitate this measurement and also to illustrate the 
purity of input signal required to make accurate measurements 
at millivolt overdrives. 





For a 100mV input step and 5mV overdrive, the propagation 
delay for a logical ‘’0’’ is 6.3ns and for a logical ‘1’ is about 
300ps less. A graph of delay as a function of overdrive is given 
in Figure 14. It was previously stated that any other condition 


Ta = 25°C 
VIN = 100mV STEP 
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Figure 14, Delay times as a function of input overdrive 
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Figure 15. Response to symmetrical input signals 


of input signal should give faster response (refer back to 
Figure 1). This is demonstrated by Figure 15, which illustrates 
the response of the comparator to symmetrical inputs ranging 
from +5mV to +500mV. The speeds are at least 1 to 2ns faster 
than for small overdrives. 


Figure 16 shows how the delay time varies with temperature. 
The adverse effects of resistor and gain changes at elevated 
temperatures result in an increase in delay from 6.3ns at 25°C 
to 8.4 ns at 85°C and 10.4ns at 125°C. All of the above data 
were taken with output loads of 5022 connected to —2.0V. 
For lighter loading (such as 50022 to —5.2V) the output rise 
and fall times and propagation delays are all slightly faster. 


The usefulness of the latch is directly related to how quickly it 
can be enabled following a change in the input signal. The 
input signal must be present long enough to pass through the 
first stage of the comparator before the latching transistors can 
act upon it. The minimum time that the input must be present 
before the latch can be turned on is defined as the latch enable 
time. This is measured as the minimum time that must elapse 
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Figure 16. Delay times as a function of temperature 


between the time the input step crosses the input threshold 
voltage and the time the latch enable input crosses the logic 
threshold voltage for which the comparator outputs will 
assume the correct states. 








Figure 17. Latch enable time and latch aperature time 
for 100mV input step, 5mV_ overdrive 
(input = 5mV/cm, latch = 200mV/cm, 
output = 400mV/cm) 


The performance of the latch function is illustrated by 
Figure 17. The input signal is the standard 100mV step with 
5mV overdrive and is in the direction to cause the output to 
switch from a logical “0” to a logical 1’. The delay of the 
latch signal relative to the input is adjusted until the output 
just switches to a ‘’1"; this is the latch enable time and under 
these conditions is 1.8 ns. The difference between the latch 
timing for which the output just barely switches and when it 
does not switch is the latch aperture time; this is about 500ps 
for 5mV overdrive. The performance of the latch with input 
overdrive and temperature generally follows that of the 
propagation delays (Figure 14 and 16). 


The overall performance of the Am685 is summarized in 
Table Il. It is apparent from the table and the previous 
discussion that the device is ideally suited for applications 
where both precision and high speed are required, such as in 
analog-to-digital converters, data acquisition systems, and 
optical isolators. The device is the first in a family of new 
wideband linear integrated circuits designed to meet the 
requirements of very high-speed systems. 


Propagation Delay 

(100mV step, 5mV overdrive) 
Input Offset Voltage 

Average Temperature Coefficient 
Of Input Offset Voltage 

Input Offset Current 


6.5ns MAX 
2.0mV MAX 


10uV/°C MAX 
1.02A MAX 
10uA MAX 
+3.3V MIN 
80dB MIN 
70dB MIN 
22mA MAX 
26mA MAX 


Input Bias Current 

Common Mode Voltage Range 
Common Mode Rejection Ratio 
Supply Voltage Rejection Ratio 
Positive Supply Current 
Negative Supply Current 


Table Il: Performance Characteristics of the Am685 
Comparator (Ta = 25°C, Vt = 6.0V, 


V— = —5.2V, RL = 502 to —2.0V) 


THE A-D APPLICATION 


Very fast, precision, analog-to-digital conversion stands to 
benefit considerably from the availability of a fast comparator. 
As the block diagram of a fast 10-bit converter in Fig. 18 
shows, a typical rapid conversion technique may resemble the 
use of feedforward compensation in an operational amplifier. 


The analog input signal is sampled at the beginning of a con- 
version period and -fed to a fast five-bit a-d converter, which 
provides the first five most significant bits of the output. 
These five bits also drive a companion d-a converter, which 
must be accurate to better than 10 bits. The output of the d-a 
converter is a replica of the input signal, quantized to five bits. 
This is compared with the actual input signal stored in the 
sample-and-hold amplifier. The difference between the two 
analog levels is the remaining part of the input signal that must 
be quantized. This difference is amplified and applied to an- 
other five-bit a-d converter to provide the five least-significant- 
bits of the final output. 


Typical five-bit a-d converters may consist of 31 106-type 
comparators connected to the signal source and referenced to 
the full-scale input in steps of 1/32. The output of each com- 
parator goes into a latch, and the latch outputs are decoded by 
three stages of TTL gages to develop the five-bit digital output. 


Typical propagation delays are 40 ns for the comparators, 
22 ns for the latches, and 10 ns for the decoding, resulting in a 
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total delay of 80 ns. Average settling time for the five-bit d-a 
converter and the difference amplifier together comes to about 
200 ns, and the settling time for the input sample-and-hold 
amplifier is 70 ns. Thus, the over-all convérsion time for this 
10-bit converter amounts to 430 ns. 


Substitution of the high-speed ECL comparator for the 106 
type in each of the five-bit converters leads to a significant im- 
provement in propagation delay. The typical delay of the com- 
parator is about 6.5 ns, and no external latch is required. With 
ECL it is possible to wire-OR outputs, so only one level of de- 
coding gates is required. Allowing 1.5 ns for the gates, the 
total five-bit conversion time is only 8 ns — a tenfold improve- 
ment over the existing circuit. 


If the latch function of the comparators is used as the sample- 
and-hold for the first five-bit converter, the sample-and-hold 
can be put in parallel with the first quantization step, as shown 
by the dotted lines in Fig. 18. This eliminates its settling time 
from the over-all delay of the system. With the new compara- 
tor, the total 10-bit conversion time drops to 216 ns, with over 
90% of the delay attributable to the d-a converter and the dif- 
ference amplifier. Moreover, the availability of an 8 ns five-bit 
converter should provide the impetus to improve the slower 
sections of the system. A 10-bit a-d converter with a delay 
under 100 ns is not an extravagant prediction. 


10-BIT 
DIGITAL 
QUTPUT 


5-BIT 


CONVERTER 


DIFFERENCE 
AMPLIFIER 


If the standard 106-type comparator in this a-d converter is replaced by the 10 ns device, a tenfold improve- 
ment in speed is possible. What is more, the ECL makes possible both wired-OR outputs and a single level 


of decoding for gates. 
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Figure 18. Analog to digital. 
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Am685/Am686/Am687 
DESIGNING WITH HIGH SPEED 
COMPARATORS 


By Leonard Brown 





INTRODUCTION 


The Am685, Am686 and Am687 are a family of high-speed 
sampling comparators capable of detecting low-level signals of 
the order of 5-10mV in 12-15ns over the temperature range 
—55°C <Ta < 125°C. The Am686 is fully TTL-compatible 
and complementary outputs are available generated from a 
true differential output stage assuring a maximum output 
skew of under 2ns at 25°C. The Am685 and Am687 are single 
and dual ECL-compatible versions, respectively, and have 
output skews of less than 1ns. A high-speed latch is incor- 
porated in the input stage permitting input signals to be 
acquired in 4.0ns maximum for the ECL versions and 6.0ns 
for the TTL device. 


Applications of the devices are not limited to high-speed 
designs as the combination of the excellent DC input charac- 
teristics, availability of true differential outputs and the 
latch function permit unique solutions for slower speed 
applications where the response time of the comparators can 
be considered negligible. 


THE SAMPLING COMPARATOR 


The sampling comparator may be visualized as a conventional 
voltage comparator with the provision that the outputs may 
be latched into the logic states determined by the input signal 
conditions existing at the time of application of the latch 
signal. This is achieved by incorporating the latch circuitry 
in the input stage of the device. The minimum latch enable 
pulse width is necessarily less than the propagation delay of 
the device and, therefore, the comparator can be unlatched 
for a fraction of its propagation delay (4.0ns for the Am685). 
The outputs will then change in accordance with the input 
conditions existing at the time of the latch signal. Note: It 
is impossible for the comparator to oscillate under these 
conditions. 


If the latch function is not used, the device operates as a 
conventional voltage comparator. 


BACK TO BASICS 


Comparators are designed to have both high gain and large 
bandwidth. This creates instability problems or oscillations 
when the device outputs are in the transition region. The 
tendency of a device to oscillate is a function of the layout, 
(poor layout increasing the amount of feedback caused by 
parasitic capacitance) and the source impedance of the circuit 
employed (The higher the source impedance the less parasitic 
coupling is necessary to cause oscillation.) It is mandatory 
with comparators of the gain and bandwidth of the Am685, 
Am686. and Am687 to ensure that power supplies are well 
decoupled, lead jengths are kept as short as possible, and 
wherever possible (especially in the case of the Am686), a 
ground plane should be employed. 


In addition to reducing the effects of stray capacitance, a 
ground plane substantially reduces the possibility of the 


output current spike coupling back to the inputs through the 
ground lead when the TTL output stages switch. 


The minimum stew rate at which the input signal must cross 
the threshold region to prevent oscillation, regardless of the 
particular layout parasitics, may be determined by applying a 
DC voltage to the input until the circuit just commences to 
oscillate and increasing this voltage until the oscillation ceases. 
The minimum necessary input slew rate is then given by 
AV/tpd MIN, where AV is the input voltage required to 
prevent oscillation and tpg MIN is the minimum propagation 
delay of the comparator. 


The minimum slew rate will be found to be a function of 
source impedance and source impedance mismatch. 


The curves of Figures 1 and 2 show the minimum slew rate 
for the Am686 as a function of source impedance and source 
impedance mismatch. 
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Figure 1. Minimum Slew Rate Versus 
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Figure 2. Minimum Slew Rate Versus 
Source Resistance (DIP). 
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Figure 3. Minimum Slew Rate Versus 
Source Resistance (TO—5 & DIP). 


It can be seen that unbalanced sources dramatically effect the 
minimum input slew rate required. Note that for optimum 
performance, the source impedance seen by the comparator 
should be both DC and AC balanced to reduce the differential 
feedback to a minimum. 


The effect of an AC unbalanced source is seen especially on 
the Am686 as when the output switches, the output current 
spike is coupled back to the input. This can be eliminated by 
forcing the AC unbalance to result in positive feedback, which 
may be achieved by decoupling the inverting input or applying 
positive feedback via a 2-4pF capacitor from the OQ output to 
the non-inverting input. 


The curves of Figure 3 illustrate the improvement in minimum 
slew rate when a small amount of positive feedback is em- 
ployed by virtue of a 2pF feedback capacitor. 


OPTIMUM SOURCE CONDITIONS (C¢ = OpF) 


With low source impedances (< 5092), the majority of the 
feedback between the output and the input occurs internal 
to the device. As the source impedance is raised, external feed- 
back increases through the parasitic feedback capacitance 
until, at high source impedances, the external feedback 
dominates. This explains the anomolous characteristics of the 
minimum slew rate curves and suggests that the optimum 
source resistance for the device is between 300 and 500Q 
for unbalanced sources and is approximately 100022 for a 
balanced source. 


OPTIMUM SOURCE CONDITIONS (C¢ = 2pF) 


With a source impedance of 100922, the minimum slew rate is 
0.15V/us for the DIP configuration and 0.02V/us for the 
TO-5. For balanced sources the minimum slew rate is 0.03V/us 
for Rg 2 100Q and for a source impedance between 1kQ 
and 3kQ2, the minimum slew rate is <0.02V/us regardless of 
impedance, DC imbalance or package type. 


The use of the feedback capacitor is recommended when: 


1. The input slew rate is within a factor of 2 greater than the 
minimum theoretical slew rate. 

System constraints do not permit optimisation of layout 
and lead lengths. 


Unbalanced source impedances are used (it is not always 


2. 


possible to provide input conditions which are both DC and . 


AC balanced). 
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A FAMILY AFFAIR 


It must be stressed that the concepts discussed concerning 
source imbalance and minimum input slew rate apply to all 
devices in the family. The Am686 was highlighted as it is more 
sensitive to layout constraints and parasitic feedback because 
of its significantly higher voltage gain. 


Similarly all of the applications which follow may be imple- 
mented with any device in the series provided due caution is 
exercised with regard to the different output logic levels. 


THE RELAXATION OSCILLATOR 


The principal problems in the design of a classical relaxation 
oscillator are: 


1. The variation in potential to which the energy storage 


device (normally a capacitor) is charged. 


. The variation in the threshold level at which the capacitor 
is to be discharged. 


. The variation inherent in the sensor element (normally a 
comparator) in detecting equivalence between the threshold 
level and the capacitor’s instantaneous potential. 


The variations are all functions of both time and temperature 
and are the primary causes of frequency drift, symmetry error, 
and jitter. 


By taking advantage of two unique properties of the Am686, 
a relaxation oscillator may be designed to eliminate the first 
two problems and reduce the third to a second-order effect for 
oscillation frequencies from 1MHz to 30MHz. 


The true differential output stage of the comparator ensures 
that the Q and QO outputs change within 1-2ns of each other. 
This feature ensures that the outputs can never be in the same 
logic state instantaneously, either HIGH or LOW, and that the 
only time they are equal in voltage is when traversing the logic 
uncertainty levels. This property .permits the design of a 
threshold setting circuit that varies in accordance with the 
charging voltage applied to the timing capacitor. Therefore, 
any change in charging potential is automatically compensated 
by a corresponding change in threshold level. 


Second, the combination of the short propagation delay 
7-10ns, the minimum difference in propagation delay between 
outputs and the stability of these delays with temperature 
assures square wave symmetry of better than 1% @ 1MHz and 
5% @ 25MHz and a frequency stability of 1% @ 10MHz and 
4% @ 25MHz. 


The above statements are true from device to device and over 
the operating temperature range of —55°C to +125°C. Over 
the industrial temperature range, a factor of two improvement 
should be obtained. 


CIRCUIT THEORY (Fig. 4) 


Assuming the circuit is in an oscillating mode, the voltage 
appearing at the non-inverting terminal will alternate between 
Vx and Vy where: 


Vv (VOH — VoL} + VOL and 


xX — ae 
(Ri +R) 


Vy = —— (VOH —- VOL) + VoL 

(R71 + Ra) 
When Vi|N = Vx, the timing capacitor C will be charging 
towards VQOH, and when Vi, = Vy, the timing capacitor will 
be discharging towards VoL. 
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Figure 4. Circuit Design. 


After the voltage on the capacitor equals the voltage on the 
non-inverting input, a finite time will elapse before the output 
of the circuit changes, during which time (the propagation 
delay of the Am686) the capacitor will continue to charge 
towards VOH, or discharge towards VOL. 


Therefore, the capacitor will charge to a voltage 


eo tPHL/CR 


Va =VoH — *(VoH — Vx) 


and discharge to a voltage 


Ve =Vo, + e 'PLH ICR 


“(Vy - Vot) 

where tpy_ and tp_y = propagation delay of the Am686 from 
the inputs to the output changing from HIGH — LOW and 
LOW — HIGH respectively. 


The time to charge from Vp to Va which is the positive half: 


cycle is given by: 


Von — V 
tt=CR In “OH ~ "8 
Vou — Va 


substituting for Va and Vg 


th=CR in Get 1) etPHL/CR _4) 


Similarily the negative half cycle is given by: 


Va—-—V 
t-=CR In =A Ok 
Ve — VoL 


—=CR tale 1) etPLH/CR _4) 


Note: The only assumptions are: 


1. (Vou — VoL) of the Q output = (Voy — Voz) of the O 
output. 


2. Offset voltage and offset current errors are negligible. 
3. etPLH/CR S etPHL/CR Sl 


The only factor affecting pulse width variation is, therefore, 
tpHL and tp_y. As tpy_ > tp_y by 1-2ns, it is therefore antici- 
pated that tt will be marginally greater than t—. 


MINIMUM OPERATING FREQUENCY 


For the Am686, it is specified that the minimum slew rate 
at the input to insure that the device will not oscillate in the 
transition region is 1V/us. This will determine the minimum 
operating frequency of the circuit. 


The rate of change of voltage on the timing node is given by: 
dv. Vo 


ie Be 
ee at OCR 


et/C R 


In the circuit, 


a) Vo = Von — Vp (assuming positive ramp) 
and R 
b) t=CR in [(—_ + 1) etPHL/CR 4) 
Ra 
As the slew rate is only critical in determining the lowest 


operating frequency, it may be assumed that etPHL/CR . y 
(CR >>> tpy); therefore, Vo = Voy — Vp © Von — Vv 


Sa Pee eee 
o= mass ———— and, = n— 

on Vou) FR, Ro 
. dv — (Vou — Vor) Ry R2 
p= = XO me 

ot CR Ry + Ro Ry 

AV R> 

= —" xX nd 
CR Ry — Ro 


where, AV = (VoH ae Vo) 


The minimum operating frequency 


; 1 
MIN es 
2CR in — 
R2 
substituting 
AV R p (Ri/Ro + 1} 
p Ry + Ro 2AV In R,/Ro 


The expression for minimum frequency indicates that an 
optimum ratio of Rz/Ro2 exists that is independent of any 
particular RC time constant which may have been chosen. 
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The ratio may be determined by differentiating fyyyy with 
respect to Ry/Ro2. 





Ry 1 Ry 
in— —(— +1)/ — 
OfMIN Ro ~=Ra Ro) 
p NE 
Ry =—— X 1.2 
a@— 2AV (in —) 
Rg Ro 
; Ry Ro 
bs p Ro R, 
2AV 
(ini 
R2 
OF 7 
Setting 0 Ry 
R2 
R R 
in—-1+— =0 
Ro Ry 
Ry 1 
R R 
2 in -1 
Ra 


Ry 
.— = 3.69112 
Ro 


Therefore, the lowest frequency the oscillator will perform 
consistent with the 1V/us constraint is: 


1x 4.6 
fuin = ———— _ =.513MHz 
2x 3.5 1n 3.6 


D.C. OFFSET ERRORS 


The presence of DC errors resulting from the bias and offset 
currents and offset voltage of the Am686 will cause the Vy 
and Vx thresholds to be both shifted either positive or negative 
by an equal amount 5V where 5V is the sum of all such errors. 


The magnitude of these effects may be calculated as follows: 
When the capacitor is discharging — 


5 ee 


Figure 5. 
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Vit) = Voe t/CR 





dv 1 ee 1 
— = —~— Vo® t/CR = —— Vit) 
dt CR eR 
6V 
6G. === =CR 
V(ty) 
—5VCR 
Sto - 
Vita) 


At~ Negative Pulse Width Change = 
Vito) — Vity) 

V(ty) Vita) 
AsVx = Vty,Vy = Vtp 


Sto = 54 = 6VCR 





5VCR (Vy —Vx) 
VxVy 


Similarly for the positive pulse 
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Figure 6. 


en t/C R 


Vit) = Vo (1 = ) 


1 
Whence, dv/dt = — (Vo — V{t)) 
CR 


d5VCR 
Oty == 
Vo — Vty 
5VCR 
to. 
Vo— Vt 


Positive Pulse Width Change Att = 5tz — ty 
1 


=§6VCR —————_—_ — ————_ 
Vo — Vita) Vo — Vit,) 


In the circuit Vito = Vx, Vty = Vy,Vo-—Vx = Vy 


Vx —Vy 


1 1 
Att = 6VCR (— - — ) = VCR SAS 


Vy Vx Vx Vy 
.. Offset errors do not affect the frequency of oscillation, only 
the symmetry of the waveshape. 
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SYMMETRY ERROR 


Att — At Vy 
Symmetry S = ———— x 100% where T=CR rae 
x 
2Att 
S = — x 100% 
2T 
5VCR (Vx — Vy) 1 
Fg a et 
VxVy CR 1n Vy/Vx 


Symmetry is worse for maximum value of Vx —Vy. Maximum 
value of Vx — Vy occurs when R, and Ro are arranged for 
minimum operating frequency, i.e., Ry/Rz = 3.6 


Substituing 6V = 5mV 


Vx/Vy = 3.6 


1 3.6 


VxVy = 46 VoH X 46 Vou 


Von = 3.5V and neglecting Voi 
Symmetry is < 0.38% 


Note: 1. For any given ratio of Ry: Rog (i.e., Vx and Vy), 
offset voltage Symmetry error is independent of 
frequency. 


2. Symmetry improves to .33% @ Ry:Rg = 2.5 


EXTENDING LOW FREQUENCY PERFORMANCE 


If it is necessary to extend the lower limit of the oscillation 
frequency, a small amount of positive feedback may be intro- 
duced by connecting a 2-4pF capacitor between the OQ output 
and the non-inverting input. This will decrease the minimum 
input slew rate required and enable oscillation frequencies of 
1kHz to be achieved without spurious oscillations occuring 
on the rising or falling edges of the waveform. At frequencies 
below 1MHz, it is not necessary to take into account any 
potential frequency shift this additional feedback introduces. 
(Above 1MHz, it is not necessary to use this additional 
feedback.) 


PERFORMANCE CHARACTERISTICS: 


f= 10MHz 


a Tease -— °C 


f = 20MHz 
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Figure 7. Percentage Change in Frequency Versus 
Case Temperature. 





125° Tease — °C 


f = 5.0MHz 
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Figure 8. Change in Symmetry Versus Case Temperature. 





Figure 9. Output Waveform at 1.0MHz. 
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Figure 10. Output Waveform at 10MHz. 
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ve wi Figure 14. Circuit and Component Values used in 
Me, 00S Obtaining Performance Characteristics. 


Figure 11. Output Waveform at 24MHz and Expanded 
Falling Edge Exhibiting <50ps Jitter. 


LOW LEVEL PULSE DETECTOR 


Ra = 10k2, Co = 47pF, Rg = 390k2 
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TRANSFER FUNCTION 


Ry = 5.1k2 
Ro = 102 
Rg = Rq= 1k2 
Cy = 470pF 
C= 2pF 





Figure 12. Change in Pulse Width and Jitter from 25°C to 
125°C, f = 10MHz. 


MAXIMUM INPUT PULSE WIDTH 240ns 
MINIMUM INPUT PULSE WIDTH 10ns 
MAXIMUM REP. RATE (20ns, 20mV) CONTINUOUS 25MHz 
MAXIMUM REP. RATE (20ns, 20mV) CONTINUOUS w/o Ry, gCo zw 12MHz 
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Figure 15, 


CIRCUIT OPERATION 


The input resistance is essentially determined by Rq which was 
chosen to be 1kQ on the basis that most sources would not 
be unduly loaded at this value and consequentially higher 
values would make the circuit excessively prone to oscillation. 
To minimize bias current errors, the inverting input is connec- 
ted to the 10mV reference source (Rj and R9) through an 
equal-valued resistor (R3). 


3 z on needs aid Positive feedback is provided by Cf which provides a 50- 
Figure 13. Expanded Fall Time Showing Change in Pulse 60mV, 3-4ns pulse, significantly improving the switching time 


Width from 25°C to 125°C, f = 1.0MHz, and narrowing the uncertainty region for pulses just in excess 
(Jitter ~ 300ps). of the 10mV threshold. 
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Capacitor C1 provides A-C coupling and thus isolates the 
circuit from slowly varying signals which may be superimposed 
on the signal to be detected. Such is the case for a detector 
sensing the output from a fibreoptic cable receiver. The A-C 
coupling imposes additional constraints; namely, the repetition 
rate and duty cycle of the input signal. 


The signal which is seen by the non-inverting terminal and 
then compared to the reference is not simply the peak value 
of the input pulse but the peak value less the average D.C. 
value of the input signal. 


Assuming a 20mV input pulse, 20ns wide and repeated every 
20ns, the signal seen across R4 will be as follows: 


Vv 
IN VR4 
t 
t) 0 
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Figure 16. 


By the ninth pulse, the peak signal will be 15.2mV dropping 
to 14.6mV by the end of the pulse; thus, after a pulse train 
of ~10 pulses, the detector wil! not detect the incoming signal. 


Additionally, consider the case of a 20ns pulse repeated every 
60 nanoseconds. 
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Figure 17. 


The peak signal at the input will now be only 15mV; there- 
fore, the maximum repetition rate consistent with providing a 
5.0mV overdrive is 1/80ns or 12.5MHz. 


Therefore, the circuit will only successfully detect 20mV, 20ns 
signals if: a) the pulse train is < 10 pulses or b) the repetition 
rate < 12MHz. 


To compensate for these problems, a DC feedback signal is 
generated by Ra, Rg and Cc, which adjusts the reference level 
accordingly. 


Ra and Cc form a low-pass filter that gives a maximum DC 
level of 1.7 volts at a 1:1 duty cycle. At this duty cycle, it 
is required to reduce the reference level by 5mV to maintain 
adequate overdrive. Rg and Rq form an attenuator and the 
DC voltage level returned to the non-inverting input = 1.7V 
x Ra/(Rq4 + Rp) =4.3mV. Using this network permits the 
circuit to work up to 25MHz, or better than a 1: 1 duty cycle 
_and removes the limitation imposed by the input A-C 
coupling. 





Note: The response time of the feedback path must be the 
same as the input network; i.e., RaCc = R4C}q in order for 
the feedback to follow rapid changes in repetition rate or 
duty cycle. 


PRECISION MONOSTABLE 


Commercially available one-shots encounter problems in the 
generation of narrow (< 100ns) pulses. Namely, there is a 
significant delay between the input pulse and the output 
pulse of the order of 20ns and the resultant output pulse 
width is highly temperature dependent due to the variation in 
internal delays with temperature. Second, the input pulse must 
be of the logic level for the type of logic employed in the 
design — TTL, DTL, RTL, etc. Thus, the circuits are incapable 
of responding to low-level input signals in the millivolt range. 


The Am685 series of sampling comparators can be employed 
in the design of a custom one-shot to overcome both of these 
problems. 


Figure 18 shows the design of a monostable employing the 
Am686 to generate precision output pulses in the 20-100ns 
range and the values shown are for a 50ns pulse width. 
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Figure 18. 


The timing diggram illustrates the circuit oneration, 
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Figure 19. 
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The hysteresis is essentially symmetrical about zero and 
between +5 and +50mV of hysteresis can be generated before 


the relationship between the latch voltage and the thresholds : : Vy = 120mV 


become too sensitive. 


The hysteresis is independent of changes in the positive supply 
voltage and the input common mode range and varies only 
with changes in temperature and negative supply voltage. 
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Figure 25. Change in Hysteresis Versus Change in 
Negative Supply Voltage. 


40 60 
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Figure 24. Input Hysteresis Versus Latch Voltage, Ta = 25°C. Figure 26. Change in Hysteresis Versus Case Temperature. 


COMPARATOR PERFORMANCE SPECIFICATIONS 


FUNCTIONAL DIAGRAM 


NON 
INVERTING 
INPUT 


O o 
INVERTING 


LATCH ENABLE Common Mode Rejection Ratio Rg < 1002, -3.3 © Voy © +2.7V 


The outputs are open emitters; therefore external pull-down resistors Output HIGH Voltage 


are required, These resistors may be in the range of 
connected to —2.0V, or 200-20002 connected to —5.2V. 


CONNECTION DIAGRAM 
Top View 


INVERTING INVERTING 
input L] J input 


NON INVERTING NON.INVERTING 
iNeut LT _ J input 


Note 1. Pin 6 is connected to bottom of case. 





ELECTRICAL CHARACTERISTICS OVER THE OPERATING 


TEMPERATURE RANGES (Unless Otherwise Specified) Am687A-L Am687A-M 


DC Characteristics Am687-L Am687-M 
Symbol Parameter Conditions (Note 3) Min. Max. Min. Max. Units 


NON. Rg < 1009, Ty = 25°C, -3.0 +3.0 -2.0 +2.0 
Ss A 


Input Offset Voltage 
INVERTING r 7 Rg < 1002 -35 | #35 | -30 | +30 








Average Temperature Coefficient Rg < 1002 -10 +10 -10 +10 


of Input Offset Voltage 





o—o zy 
25°C <T, <T, 
INVERTING Input Offset Current aS Taimax.) 


Ta = Talmin,) 
25°C < Ty < Taimax.) 





(Input Bias Current 
Ta =Talmin) 





Input Voltage Range 








LIC-134 Supply Voltage Rejection Ratio Rg € 1002, AVg = +5% 
Ta = 25°C 
Ta = Talmin.) 
Ta = Taimax.) 
: Ta = 25°C 
Output LOW Voltage . Ta =Talmin.) 








50-2002 








Ta = Talmax.) 








Positive Supply Current 





Negative Supply Current 





Power Dissipation 
—i___ 


Switching Characteristics (Vj, = 100 mV, Vog 





Ta(min.) «Ta $ 25°C J 8.0 





todt: tpd— Propagation Delay, Am687A a 
mite Ta = Tat(max.) 


Ta(min.) ©Ta < 25°C 10 
Ta = Talmax.) 20 
ts Minimum Latch Set-up Time Ta = 25°C ‘ 4.0 





‘ 
tod+. tpd— Propagation Delay, Am687 





























Notes: 2. Derate at 9mW/°C for operation at ambient temperatures above +115 °C. 
3. Unless otherwise specified V* = +5.0V, V~ = -5.2V, VT = -2.0V, and R_ = 502; all switching characteristics are for a 100mV input step with 
LIC-136 SmV overdrive. The specifications given for Vog, log, |g. CMRA, SVRR, tog and tpg. apply over the full Vom range and for +5% supply voltages. 
The Am687 and Am687A are designed to meet the specifications given in the table after thermal equilibrium has been established with a trans- 
verse air tiow of 500 LFPM or greater, 
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The circuit triggers on the negative-going edge of the input 
pulse and the QO output switches high. The output signal is 
attenuated by Ra and Rp to keep the coupled pulse inside 
the common mode limits of the device. The output remains 
high until the voltage on the non-inverting input reaches the 
threshold set by Ry and R2. In order that the pulse width be 
independent of the input pulse amplitude, it is important to 
make the input time constant small compared to the desired 
output pulse width. 


A unique feature of the circuit is the use of the differential 
outputs of the device to set the threshold, V+, thus providing 
temperature compensation and a reduction in pulse width 
variation from device to device. 


Diode Dj shortens the recovery time of the timing capacitor 
and permits retriggering 30ns after the end of the pulse with 
less than a 5% change in pulse width. 


Complete isolation of the input signal and the timing network 
may be achieved by employing the latch function as shown 
below: 
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Figure 20. 


When the input signal exceed VREF, the output will switch and 
latch the comparator in the high state. When timing capacitor 
charges to the latch threshold, the latch will become disabled 
and the output will switch back to zero, providing the input 
is now below VREF. 


The advantages of this approach are: 
1. No interaction between input signal and timing capacitor. 


2. The input threshold set by VREF is independent of the 
timing threshold. 


Thus, the input threshold can be varied from millivolts to volts. 
A practical circuit is shown: 


THRESHOLD = V*R3/(Ro + R3} 
tow * "64CRy 
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Figure 21. 





Am685/Am686/Am687 


The circuit is applicable for situations where accuracy of 
trigger threshold is important, a large variation in input signal 
level is expected or the input signal level is low. Timing 
accuracy (pulse width) is independent of the amplitude of the 
input pulse, but the output pulse width varies with tempera- 
ture in accordance with the temperature dependence of the 
latch threshold (~ 3.0mV/°C for Am686). 


APPLICATIONS REQUIRING INPUT HYSTERESIS 


Comparators are frequently employed in systems where it 
is required that the transfer function contain a defined amount 
of hysteresis. Conventional comparators employing positive 
feedback can be used to generate hysteresis as shown below: 
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Figure 22. 


Drawbacks of this technique include: 
1. Response time of hysteresis loop = comparator propagation 
delay 


2. Hysteresis varies with VQH and VOL changes 
3. Hysteresis is not centered about zero unless an additional 
reference is used. 


By utilizing the latch function on the Am685, Am686 and 
Am687, hysteresis can be inserted in a manner to overcome 
these drawbacks; namely: 

1. Response time of hysteresis loop << propagation delay 


Hysteresis not affected by VQH and VoL changes 
Hysteresis is symmetrical about zero. 

Full input differential capability maintained over complete 
common mode range. 


PON 


The hysteresis is obtained by applying a slight bias to the latch 
inpuis. The technique is iiiustrated in the test circuit shown 
for the Am687. 


Vin = 50 — 300mV 
f= 1kHz 
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Figure 23. 
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COMPARATOR PERFORMANCE SPECIFICATIONS (Cont.) 


ELECTRICAL CHARACTERISTICS OVER THE OPERATING 
TEMPERATURE RANGES (Unless Otherwise Specified) 


ELECTRICAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES (unless Otherwise Specified) 


DC Characteristics Am685L Am685-M 
Symboi Parameter (see definitions) Conditions (Note 3) Min. Max. Min. Max. Units 


FUNCTIONAL DIAGRAM 


; Bie Lei Rg < 1002, Ta = 25°C 
input et Volta 
NONINVERTING © DouTeut it : 2 Rg < 1002 

INE Average Temperature Coefficient 
of Input Offset Voltage 


INVERTING =25° 
input © O10 QUTEUT Input Offset Current Taras © 





Rs < 1002 











Input Bias Current 


Input Resistance 


Input Capacitance 


The outputs are open emitters, therefore external pull- Input Voltage Rengs : 
down resistors are required, These resistors may be in Common Mode Rejection Ratio Rg $ 100 2, -3.3 < Voy < +3.3V 
the range of 50-2002 connected to —2.0 V, or 200— Supply Voltage Rejection Ratio Rg < 1002, AVs = 15% 
20002 connected to —5.2 V. Ta= 25°C 
Output HIGH Voltage Ta=Talmi 
LIC-118 fon 

Ta = TA(max.) 

Ta=2c 
Output LOW Voltage Ta = Ta(min.) 

Ta=Talmax.) 


LATCH ENABLE 











Vr 























Positive Supply Current 





Negative Supply Current 








Power Dissipation 


CONNECTION DIAGRAMS 


Top Views Switching Characteristics (Vin = 100 mV, Vog = 5mV} 
Metal Can e Oual-In-Line 9 ul oa 
Tatmin.) <Ta < 25°C 


Ta = Ta(max.) 
Taimin.) < Ta < 25°C 


NONANVERTING Ta = Tat(max.) 


INPUT inverting 11 - 
| war Latch Enable to Output HIGH Talmin.) < Ta < 25°C 
INVERTING & J Ne (Note 4) Ta = TAimax.) 


ee: ENABLE Latch Enable to Output LOW Taimin.) <TaAS 25°C 
aren 5 onc (Note 4) Ta =Ta(max.) 


Tatmin.) © Ta < 25°C 
Ta = Tatmax.) 

Minimum Hold Time (Note 4) TAlmin} < TA < TAimax.) 
Minimum Latch Enable Pulse Width [| Ta(min.) < Ta < 25°C 
LIC-120 LIC-121 (Note 4) Ta = Tatmax.} 


input to Output HIGH 





NON.(NVERTING Input to Output LOW 
INPUT 











Minimum Set-up Time (Note 4) 








Note 1: On metal package, pin 5 is connected to case. 
On DIP, pin 8 is connected to case. 


























NOTES: 2: For the metal can package, derate at 6.8 mW/C for operation at ambiant temperatures above +100°C; for the dual-in-line package, derate at 
9 mWPC for operation at ambient tempsratures above +105°C. 
3: Unless otherwise specified viw 6.0V, V- = -5.2V, VT + -2.0V, and. id eal 502; all switching characteristics are for a 100 mV input step with 
5 mV overdrive. The specifications given for Vos, log, Ip, CMRR, SVAR, togs and tpg. apply over the full Vom range and for +5% supply 
voltages, The Am685 is designed to meet the specifications given in the table sfter thermal equilibrium has been established with a transverse 
air tlow of 500 LFPM or gr 
: Owing to the icult and cl nature of switching Measurements involving the latch, these parameters can not be tested in production. 
Engineering data indicates that at least 95% of the units will meet the specifications given. 


ELECTRICAL CHARACTERISTICS OVER THE OPERATING 
TEMPERATURE RANGES (Unless Otherwise Specified) 


Symbol Parameter Conditions (Note 3) Am686-M Units 


FUNCTIONAL DIAGRAM Rg < 1002, Ta = 25°C , 2.0 mV MAX. 
Vos Input Offset Voltage Rg < 1002 : 3.0 mV MAX. 








Average Temperature Coefficient 10 MAX. 
Vos/aT of Input Offset Voltage Fs s1008 Re 





25°C <Ta<TA (max.) ar 1.0 pA MAX, 
NON-INVERTING output Ta = TA (min.) ‘ 1.6 uA MAX, 


bal ; 25°C < Ta < Ta (max.) 10 uA MAX. 
Input Bias Current Ta=Ta (min.) 16 WA MAX. 


los Input Offset Current 








$NPUT 





INVERTING aourput Taput Voltage Range +2.7, —3.3 VMIN. 





Common Mode Rejection Ratio “Rg < 1002, -3.3V < Voy <42.7V | 80 dB MIN. 





Supply Voltage Rejection Ratio 70 d8 MIN. 
LATCH ENABLE Output HIGH voltage IL = -1.0MA, Vg = Vg {min.} 2.5 V MIN. 











Output LOW Voltage IL = 10mA, Vs = Vg (max.) : “Os VMAX. 

Positive Supply Current ; 40 mA MAX. 
Negative Supply Current " 32 mA MAX. 
Power Dissipation mW MAX, 
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CONNECTION DIAGRAMS 
Top Views 
Metal Can 
NC 


NC Propagation Delay, TA min.) © TA < 28°C ns MAX. 


Gourur Input to Output HIGH Ta=T, (max.) ns MAX, 


HORINVER P ° b Gourput NON-INVERTING aoureut Propagation Delay, Ta (min) < Ta < 25°C ns MAX, 





input Cf 
INVERTING og >) INVERTING Pectin Input to Output LOW _TA*TAImax.) Guia 4 ns MAX, 


INPUT’ © 0 OUTPUT INPUT CI ire - Pr -- a ; = 
_ if ference in Propagation Delay = 95° 
ge ae ENABLE tod between Outputs Tans : z aes 


LATCH we o 
ENABLE Notes: 2. For the metal can package, derate at 6.8mW/°C for operation at ambient temperatures above +95°C; for the dual-in-line package, derate at 


nc 9mw/°C for operation at ambient temperatures above 115°C. 
‘ bate 3, Unless otherwise specified, V* = +5.0V, V~ = —6.0V and the Latch Enable input is at Vo,. The switching characteristics are for a 100mV 
Note 1: On metal Package, pin 5 is connected to case. input step with 5.0mV overdrive. 
On DIP, pin 6 is connected to case. 4. The outputs of the Am686 are unstable when biased into their linear range. In order to prevent Oscillation, the rate-of-change of the input signal 
as it passes through the threshold of the comparator must be at feast 1V/us. For slower input signals, a smati amount of ex ternal positive feedback 
LIC-131 LIC-132 may be applied around the comparator to give a few millivolts of hysteresis. 
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8-Bit High Speed Multiplying D/A Converter 





Distinctive Characteristics 


Fast settling output current — 85nsec 
Full scale current prematched to +1.0 LSB 
Direct interface to TTL, CMOS, ECL, HTL, NMOS 
Nonlinearity to +0.1% max over temperature range 
High output impedance and compliance 

—10V to +18V 


Differential current outputs 
Wide range multiplying capability 
1.0MHz bandwidth 
Low FS current drift — +10ppm/°C 
Wide power supply range — +4.5V to +18V 
Low power consumption — 33mW @ +5V 


GENERAL DESCRIPTION 


The DAC-08 series of 8-bit monolithic multiplying Digital- 
to-Analog Converters provide very high speed performance 
coupled with low cost and outstanding applications flexibility. 


Advanced circuit design achieves 85 nsec settling times with 
very low “glitch” and a low power consumption. Monotonic 
multiplying performance is attained over more than a 40 to 1 
reference current range. Matching to within 1 LSB between 
reference and full scale currents eliminates the need for full 
scale trimming in most applications. Direct interface to all 
popular logic families with full noise immunity is provided by 
the high swing, adjustable threshold logic inputs. 


High voltage compliance dual complementary current outputs 
are provided, increasing versatility and enabling differential 
operation to effectively double the peak-to-peak output swing. 
In many applications, the outputs can be directly converted to 
voltage without the need for an external op amp. 


All DAC-08 series models guarantee full 8-bit monotonicity, 
and nonlinearities as tight as 0.1% over the entire operating 
temperature range are available. Device performance is essen- 
tially ‘unchanged over the +4.5V to +18V power supply range, 
with 33mW power consumption attainable at +5V supplies. 


The compact size and low power consumption make the 
DAC-08 attractive for portable and military/aerospace applica- 
tions. All devices are processed to MIL-STD-883. 


DAC-08 applications include 8-bit, 1.0usec A/D converters, 
servo-motor and pen drivers, waveform generators, audio 
encoders and attenuators, analog meter drivers, programmable 
power supplies, CRT display drivers, high speed modems and 
other applications where low cost, high speed and complete 
input/output versatility are required. 


EQUIVALENT CIRCUIT 


ve 
2) 


Foyt 


5 


BIAS 
NETWORK 


CURRENT 
SWITCHES 


— 


Vrer lt) O 


REFERENCE 
AMPLIFIER 


AmDAC-08 


v~O 


ORDERING INFORMATION 


Order 
Number 


DAC-08A0 
DAC-080 

DAC-08EQ 
DAC-08CO 
DAC-08HO 
DAC-O8HN 
DAC-08EN 
DAC-08CN 


Temperature 
Range 
—55°C to +125°C 
—55°C to +125°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


Nonlinearity 


+.1% 
+.19% 
+.19% 
+.39% 
£.1% 
£.1% 
£.19% 
+.39% 


oO 0 
16 3 
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CONNECTION DIAGRAM 
Top View 
THRESHOLD 


conTRoL 4 | 


COMPENSATION 
Vreri-) 


Vreel+) 


Note: Pin 1 is marked for orientation. LIC-191 





AmDAC-08 
MAXIMUM RATINGS (Ta, = 25°C Unless Otherwise Noted) 















































Operating Temperature V+ supply to V— Supply 36V 
DAC-08AQ, Q —55°C to +125 C Logic Inputs V— to V+ plus 36V 
DAC-08EQ, CQ, HO OCto+70C Vic V—to V+ 

Storage Temperature —65°C to +150°C Analog Current Outputs See Fig. 12 

Power Dissipation 500mW Reference Inputs (V44, V45) V—to V+ 
Derate above 100°C 10mw/°C Reference Input Differential Voltage (V4q4 to V15) +18V 

Lead Temperature (Soldering, 60 sec) 300°C Reference Input Current (144) 5.0mA 





ELECTRICAL CHARACTERISTICS (Vs = #15V, Ines = 2.0mA) 


AmDAC-08A AmDAC-08 
AmDAC-08H AmDAC-08E AmDAC-08C 
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 









Resolution 
iene 


To +1/2 LSB, all bits PACA 
Settling Time switched ON or OFF DAC-O8E 
ae = 25°C 
DAC-08C 
tPLH. rropogetion | Each it | Ta =25°C 
tPHL Delay ence Bits 
ee 


Full scale current 
Output Voltage Compliance | change < 1/2 LSB 
Rout > 20Meg2 typ. 
VREF = 10.000V 
les4 Full Scale Current R14. R1g = 5.000k2 
Ta = 25°C 


less Full Scale Symmetry lesa — IFS2 
lizs | Zero Scale Current 


Output Current Range 







eee 










1.984 
















4.2 


































—~ = —-7.0V to —18V 


Vic =0V 















Logic Input 
Levels 
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He eal “== 7, 
Logic Input Vic =0V +0.8V 
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+0.01 
%1% 
+0.01 


Tis 


PSSIFs+ 
PSSIEs_ 







Reference Input Slew Rate 








—- 
0: 


0.002 


Vt=45V to 18V 


8.0 
+0.0003} +0.01 













Power Supply Sensitivity = T45V to IBV 
\REF= 1.0mA 
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Vs = +5.0V, IREg =1.0MA 


Vs = +5.0V,-15V, 
IREF =2.0mA 


Vs = +15V, REF =2.0MA 


25.0V, Iperf =1.0mA 
+5.0V, —15V, IReF = 2.0mA 
t15V, IREF =2.0mMA 


eee 
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Power Supply Current 
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BASIC CONNECTIONS 


By Bp Bz By Bg Bg By -By 
Vrer lt) 
AmDAC-08 
Vrerl-) 
COMP 


—— 
Inept) © 2.0mA AmDAC-08 
LIC-192 SOV 


+VrReEF 255 FOR FIXED REFERENCE, TTL 
= crear OPERATION, TYPICAL VALUES 


area cs LIC-193 
lo +19 =Ifg FOR ALL VREF = +10.000V 
LOGIC STATES RREF = 5.000k 
Ri5 ~ RREF 
Cc = 0.01nF 
Vic = OV (GROUND) 


IFS 





Figure 1. Basic Positive Reference Operation. Figure 2. Recommended Full Scale Adjustment Circuit. 


By, Bg Bg B84 By Bg By Bg 
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—VREF 255 FULL SCALE 000 

"Ale Yona L SCALE -LSB d -.040 
RREF 256 FULL SCAL 

HALF SCALE +LSB ; —4,920 

HALF SCALE ‘ —4,960 

HALF SCALE —LSB : —5,000 


Note 1. RReEF Sets IFs; R415 is for Bias ZERO SCALE +LSB A —9.920 


lFs * 


Current Cancellation. ZERO SCALE : 4 ~9.960 


Figure’3. Basic Negative Reference Operation. Figure 4. Basic Unipolar Negative Operation. 


B, By Bz Bg Bg Bg By Bg 
IRE = 2-000mA 
— 
AmDAC-08 
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LIC-197 





B2 B3 B4 

POS FULL SCALE 161 1 5 +10.000 

POS FULL SCALE —LSB d +9.920 POS FULL SCALE 
ZERO SCALE +LSB A +0.160 POS FULL SCALE —LSB 
ZERO SCALE d +0.080 (+) ZERO SCALE 
ZERO SCALE —LS8 . 0.000 (—}) ZERO SCALE 

NEG FULL SCALE +LSB ‘ —9.840 NEG FULL SCALE +LSB8 

NEG FULL SCALE —9.920 NEG FULL SCALE 











Figure 5. Basic Bipolar Output Operation. 
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BASIC CONNECTIONS (Cont.) 
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Figure 7. Positive Low Impedance Output Operation. 
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Figure 9. Interfacing With Various Logic Families. 
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Figure 11. Accomodating Bipolar References. 
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Figure 8. Negative Low Impedance Output Operation. 
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Figure 10. Pulsed Reference Operation. 
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APPLICATIONS INFORMATION 
REFERENCE AMPLIFIER SET-UP 


The DAC-08 is a multiplying D/A converter in which the out- 
put current is the product of a digital number and the input 
reference current. The reference current may be fixed or may 
vary from nearly zero to +4.0mA. The full scale output current 
is a linear function of the reference current and is given by: 


I ct Xi here | ! 
=-_ e _ : 
FS 256 REF where !REF = !14 


In positive reference applications (Fig. 1), an external positive 
reference voltage forces current through Ryq into the VReF(+) 
terminal (pin 14) of the reference amplifier. Alternatively, a 
negative reference may be applied to VagFi_) at pin 15 (Fig. 
3); reference current flows from ground through R44 into 
Vrer(+) as in the positive reference case. This negative refer- 
ence connection has the advantage of a very high impedance 
presented at pin 15. The voltage at pin 14 is equal to and 
tracks the voltage at pin 15 due to the high gain of the internal 
reference amplifier. Ry5 (nominally equal to Rj4) is used to 
cancel bias current errors; Ry5 may be eliminated with only a 
minor increase in error. 


Bipolar references may be accommodated by offsetting Vaer 
or pin 15 as shown in Fig. 11. The negative common mode 
range of the reference amplifier is given by: Vcjy— = V— plus 
(IREF X 1.0kQ) plus 2.5V. The positive common mode range 
is V+less 1.5V. 


When a DC reference is used, a reference bypass capacitor is 
recommended. A 5.0V TTL logic supply is not recommended 
as a reference. If a regulated power supply is used as a refer- 
ence, R7q should be split into two resistors with the junction 
bypassed to ground with a 0.1uF capacitor. 


For most applications, a +10.0V reference is recommended for 
optimum full scale temperature coefficient performance. This 
will minimize the contributions of reference amplifier Vos 
and TCVos. For most applications the tight relationship 
between [Ref and I¢g will eliminate the need for trimming 
Ire. If required, full scale trimming may be accomplished by 
adjusting the value of Ryq4, or by using a potentiometer for 
R14. An improved method of full scale trimming which elimi- 
nates potentiometer T.C. effects is shown in Fig. 2. 


Using lower values of reference current reduces negative power 
supply current and increases reference amplifier negative com- 
mon mode range. The recommended range for operation with 
a DC reference current is +0.2mA to +4.0mA. 


The reference amplifier must be compensated by using a 
capacitor from pin 16 to V—. For fixed reference operation, 
a 0.01uF capacitor is recommended. For variable reference 
applications, see section entitled ‘‘Reference Amplifier Com- 
pensation for Multiplying Applications.” 


MULTIPLYING OPERATION 


The DAC-08 provides excellent multiplying performance with 
an extremely linear relationship between Ig and Iperf over a 
range of 4.0mA to 4.0uA. Monotonic operation is maintained 
over a typical range of IReF¢ from 100uUA to 4.0mA; consult 
factory for devices selected for monotonic operation over 
wider !Ref ranges. 


REFERENCE AMPLIFIER COMPENSATION 
FOR MULTIPLYING APPLICATIONS 


AC reference applications will require the reference amplifier 
to be compensated using a capacitor from pin 16 to V—. The 
value of this capacitor depends on the impedance presented to 
pin 14: for Ryq values of 1.0, 2.5 and 5.0kQ, minimum values 
of Cc are 15, 37, and 75pF. Larger values of R14 require pro- 
portionately increased values of Cg for proper phase margin. 
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For fastest response to a pulse, low values of Ry4 enabling 
small Ce values should be used. If pin 14 is driven by a high 
impedance such as a transistor current source, none of the 
above values will suffice and the amplifier must be heavily 
compensated which will decrease overall bandwidth and slew 
rate. For Ryq4°= 1.0kQ and Cc = 15pF, the reference amplifier 
slews at 4.0mA/us enabling a transition from IRef = 0 to 
[REF = 2.0mA in 500ns. 


Operation with pulse inputs to the reference amplifier may be 
accommodated by an alternate compensation scheme shown in 
Fig. 10. This technique provides lowest full scale transition 
times. An internal clamp allows quick recovery of the reference 
amplifier from a cutoff (IRef = 0) condition. Full scale transi- 
tion (0 to 2.0mA) occurs in 120ns when the equivalent im- 
pedance at pin 14 is 200Q and C, = 0. This yields a reference 
slew rate of 16mA/ys which is relatively independent of Rin 
and Vn values. 


LOGIC INPUTS 


The DAC-08 design incorporates a unique logic input circuit 
which enables direct interface to all popular logic families and 
provides maximum noise immunity. This feature is made 
possible by the large input swing capability, 2.0uA logic input 
current and completely adjustable logic threshold voltage. For 
V— = —15V, the logic inputs may swing between —10V and 
+18V. This enables direct interface with +15V CMOS logic, 
even when the DAC-08 is powered from a +5V supply. Mini- 
mum input logic swing and minimum logic threshold voltage 
are given by: V— plus (Iperf X 1.0kQ) plus 2.5V. The logic 
threshold may be adjusted over a wide range by placing an 
appropriate voltage at the logic threshold control pin (pin 1, 
Vic). For TTL and DTL interface, simply ground pin 1. When 
interfacing ECL, an IREF = 1.0MA is recommended. For 
interfacing other logic families, see Fig. 9. For general set-up 
of the logic control circuit, it should be noted that pin 1 will 
source 100uA typical; external circuitry should be designed 
to accommodate this current. 


Fastest settling times are obtained when pin 1 sees a low im- 
pedance. If pin 1 is connected to a 1.0kQ divider, for example, 
it should be bypassed to ground by a 0.01uF capacitor. 


ANALOG OUTPUT CURRENTS 


Both true and complemented output sink currents are pro- 
vided, when Io + Io = Ifg. Current appears at the “true” 
output when a “1” is applied to each logic input. As the binary 
count increases, the sink current at pin 4 increases propor- 
tionally, in the fashion of a ‘positive logic’’ D/A converter. 
When a “0” is applied to any input bit, that current is turned 
off at pin 4 and turned on at pin 2. A decreasing logic count 
increases Iq as in a negative or inverted logic D/A converter. 
Both outputs may be used simultaneously. If one of the out- 
puts is not required it must still be connected to ground or to 
a point capable of sourcing I-g; do not leave an unused output 
pin open. 


Both outputs have an extremely wide voltage compliance 
enabling fast direct current-to-voltage conversion through a 
resistor tied to ground or other voltage source. Positive com- 
pliance is 36V above V— and is independent of the positive 
supply. Negative compliance is given by V— plus (IReg * 1.0k22) 
plus 2.5V. 


The dual outputs enable double the usual peak-to-peak load 
swing when driving loads in quasi-differential fashion. This 
feature is especially useful in cable driving, CRT deflection and 
in other balanced applications such as driving center-tapped 
coils and transformers. 
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POWER SUPPLIES 


The DAC-08 operates over a wide range of power supply voltages 
from a total supply of 9V to 36V. When operating at supplies of 
+5V or less, IREF < 1MA is recommended. Low reference current 
operation decreases power consumption and increases negative 
compliance, reference amplifier negative common mode range, 
negative logic input range, and negative logic threshold range. For 
example, operation at —4.5V with Iperf = 2mA is not recom- 
mended because negative output compliance would be reduced 
to near zero. Operation from lower supplies is possible, however 
at least 8V total must be applied to insure turn-on of the internal 
bias network. 


Symmetrical supplies are not required, as the DAC-08 is quite 
insensitive to variations in supply voltage. Battery operation is 
feasible as no ground connection is required: however, an artificial 
ground may be useful! to insure logic swings, etc. remain between 
acceptable limits. 


Power consumption may be calculated as follows: 


Pq = (I+) (V+) + (I+) (V—) + (2 IReg) (V—). A useful feature of 
the DAC-08 design is that supply current is constant and inde- 
pendent of input logic states; this is useful in cryptographic 
applications and further serves to reduce the size of the power 
supply bypass capacitors. 


TEMPERATURE PERFORMANCE 


The nonlinearity and monotonicity specifications of the DAC-08 
are guaranteed to apply over the entire rated operating tempera- 
ture range. Full scale output current drift is tight, typically 
+10ppm/°C, with zero scale output current and drift essentially 
negligible compared to 1/2 LSB. 


Full scale output drift performance will be best with +10.0V 
references as Vog and TCVos of the reference amplifier will be 
very small compared to 10.0V. The temperature coefficient of 
the reference resistor R14 should match and track that of the out- 
put resistor for minimum overall full scale drift. Settling times of 
the DAC-08 decrease approximately 10% at —55°C; at +125°C an 
increase of about 15% is typical. 


SETTLING TIME 


The DAC-08 is capable of extremely fast settling times, typically 
85nsec at Ipep = 2.0MA. Judicious circuit design and careful board 
layout must be employed to obtain full performance potential! 
during testing and application. The logic switch design enables 
propagation delays of only 35nsec for each of the 8 bits. Settling 
time to within 1/2 LSB of the LSB is therefore 35nsec, with each 
progressively larger bit taking successively longer. The MSB settles 
in 85nsec, thus determining the overall settling time of 85nsec. 
Settling to 6-bit accuracy requires about 65 to 7Onsec. The output 
capacitance of the DAC-08 including the package is approximately 
15pF, therefore the output RC time constant dominates settling 
time if RL > 5002. 


Settling time and propagation delay are relatively insensitive to 
logic input amplitude and rise and fall times, due to the high gain 
of the logic switches. Settling time also remains essentially 
constant for |REF values down to 1.0mA, with gradual increases 
for lower IReg values. The principal advantage of higher IRer 
values lies in the ability to attain a given output level with lower 
load resistors, thus reducing the output RC time constant. 


Measurement of settling time requires the ability to accurately 
resolve t4uA, therefore a 1k{2 load is needed to provide adequate 
drive for most oscilloscopes. The settling time fixture of Fig. 12 
uses a cascode design to permit driving a 1kQQ load with less than 
5pF of parasitic capacitance at the measurement node. At IpRer 
values of less than 1mA, excessive RC damping of the output is 
difficult to prevent while maintaining adequate sensitivity. How- 
ever, the major carry from 01111111 to 10000000 provides an 
accurate indicator of settling time. This code change does not 
require the normal 6.2 time constants to settle to within +0.2% 
of the final value, and thus settling times may be observed at 
lower values of IRer. 


DAC-08 switching transients of ‘glitches’ are very low and may 
be further reduced by small capacitive loads at the output at a 
minor sacrifice in settling time. 


Fastest operation can be obtained by using short leads, minimizing 
output capacitance and load resistor values, and by adequate 
bypassing at the supply, reference and V,c terminals. Supplies 
do not require large electrolytic bypass capacitors as the supply 
current drain is independent of input logic states; 0.1uF capacitors 
at the supply pins provide full transient protection. 





LF198/LF298/LF398 


Monolithic Sample and Hold Circuits 


Distinctive Characteristics 


Operates from +5V to +18V supplies 

Less than 10us acquisition time 

TTL, PMOS, CMOS compatible logic input 
0.5mV typical hold step at Ch = 0.01yF 
Low input offset 


GENERAL DESCRIPTION 


The LF198/LF298/LF398 are BI-FET monolithic sample and 
hold circuits with ultra-high DC accuracy, fast acquisition time 
(6us to 0.01%) and low droop rate. A bipolar input stage is 
used to obtain the lowest possible offset voltage and wide 
bandwidth. These circuits are designed to have high common 
mode rejection and a gain accuracy of 0.002%. High input 
impedance (10102) permits their use with a high impedance 
source without degrading accuracy. 


0.002% gain accuracy 
Low output noise in hold mode 


High supply rejection ratio in sample or hold 
Wide bandwidth 


The output buffer has a p-channel JFET input with a typical 
input current of 30pA, giving a droop rate as low as 5mV/Min 
with a 14F hold capacitor. The JFET has a very low noise level 
and high temperature stability. 


A differential logic input allows the logic to be referenced to 
a separate ground from analog ground, permitting a direct inter- 
face to nearly any logic family. The LF198 series guarantees 
no feed through in the hold mode including input signal swings 
equal to the power supply. 


FUNCTION DIAGRAM 


OFFSET 
O 


LOGIC 
REFERENCE 


ORDERING INFORMATION 


Part Package Temperature Order 

Number Type Range Number 
Metal Can F 6 LF398H 

LF298 —25°C to +85°C | LF298H 


Metal Can a s LF198H 
LF198 —55°C to +125°C LD198 


Dice 
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HOLD 
CAPACITOR 
LIC-204 


CONNECTION DIAGRAM 
Metal Can 
Top View 


LIC-205 





Input characteristics do not change during hold mode 


LF198/298/398 
ABSOLUTE MAXIMUM RATINGS 


Operating Ambient Temperature Range 





LF198 —55°C to +125°C 

LF298 —25°C to +85°C 

LF398 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Power Dissipation (Package Limitation, Note 1) 500mw 
Supply Voltage +18V 
Input Voltage Equal to Supply Voltage 
Logic to Logic Reference Differential Voltage (Note 2) +7V, —30V 
Hold Capacitor Short Circuit Duration 10 sec 
Lead Temperature (Soldering 10 seconds) 300°C 
ELECTRICAL CHARACTERISTICS (Note 3) LF198/LF298 LF398 
Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. Unit 
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Acquisition Time to 0.1% 

Hold Capacitor Charge Current 
Supply Voltage Rejection Ratio 
Differential Logic Threshold 


Notes: 1. The maximum junction temperature is 150°C for the LF198, 115°C for the LF298, and 100°C for the LF398. When used at a higher ambient temperature, the 
TO-5 can package must be derated based on a thermal! resistance (6jA) of 150°C/W. 

2. The differential voltage may not exceed this fimit. The common mode voltage on the logic pins may equal the supply voltage without causing damage to the 
device. For the LF198 to operate properly, one of the logic pins must be at least 2V below the positive supply and 3V above the negative supply. 

3. The following conditions apply unless otherwise noted: Device is in ‘‘ sample mode”. Tj = 25°C, Vg = +15V, —11.5V <Viqy < +11.5V, Cy = 0.01 uF, and R, = 
10kQ. Logic reference voltage = OV. Logic input voltage = 2.5V. 

4. The hold step is produced by a charge which is coupled from the logic input signal to the hold capacitor via parasitic capacitance and internal operating 
point changes. Stray capacitance equal to 1pF will create a 0.5mV step with a 5 volt logic swing and a 0.01F hold capacitor. This step can be reduced by 
increasing the magnitude of the hold capacitor. 

5. Leakage current is measured at a junction temperature of 25°C. The junction temperature doubles the 25°C value for each 11°C increase in chip temperature. 
Leakage is guaranteed over the full input signal range. 

6. These values are guaranteed over the +5 to +18V supply range. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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SAMPLE 


Vig O 


Threshold = 1.4V 


ANALOG 
INPUT 


SAMPLE 


Threshold = 0.6 (V+) + 1.4V’ 


ANALOG 
INPUT 


SAMPLE 


Threshold = 4V 


LOGIC INPUT CONFIGURATIONS 


TTL AND cmos 
3V <VLGIHI STATE) <7V 


ANALOG 


LIC-207 LIC-208 


Threshold = 1.4V 
Rj select for 2.8V at Pin 8 
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HOLD 
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APPLICATION INFORMATION 


Freezing the input to an analog-to-digital (A/D) converter is an 
important application for the sample and hold amplifier. If the 
analog input to the A/D changes during conversion by the 
amount £1/2LSB, an ideal A/D would produce 1 LSB error 
beyond normal quantization error. A sample and hold amplifier 
eliminates this problem by holding the input signal to the A/D 
converter during the conversion interval. The proper choice of 
hold capacitor value and type is necessary to obtain optimum 
performance. The capacitor value directly affects several 
circuit parameters, particularly acquisition time, droop rate, 
and hold step. The hold step error is inversely proportional to 
the value of the hold capacitor. 


Graphs are provided in this data sheet for use as guides in se- 
lecting a suitable value of capacitance. However, the capacitor 
should have extremely high insulation resistance and low di- 
electric absorption, or dielectric hysteresis. Polypropylene 
(below +85°C) and Teflon (above +85°C) types are recom- 
mended. The hysteresis error can be significantly reduced if 
the output of the LF198 is digitized immediately after the 
hold mode is initiated. The hysteresis relaxation time constant 
in polypropylene, for instance, is 10-50ms, thus if A/D conver- 
sion can be made within 1ms, hysteresis error will be reduced 
by a factor of ten. 


The logic inputs on the LF198 are fully differential with low 
input current and will operate from TTL levels up to 15V. 
Some typical logic input configurations are shown in this data 
sheet. The logic signal into the LF198 must have a minimum 
slew rate of 0.2V/us. Slower signals cause excess hold step errors. 


When switched from sample to hold, delay in response to the 
hold command (aperture time and aperture time uncertainty) 
can cause the frozen value of a fast moving waveform to differ 
from the value it had at the instant the hold command is given. 
However, the hold capacitor has an additional lag due to the 
3002 series resistor on the chip which cancels out some of the 
error due to aperture time and aperture time uncertainty. 


For example, using an analog input of 20 volts p-p at 10kHz, 
maximum slew rate 0.5V/ys, with no phase delay and 80ns logic 


LF198/298/398 


delay, one could expect up to (0.08us) e (0.5V/us) = 40mV 
error if the input is sampled during the maximum dv/dt 
period. A positive going input would give a +40mV error. 
Assume that the slew rate of the charging amplifier and the RC 
constant of the analog loop cause a delay of 120ns. If the hold 
capacitor sees this exact delay, then the analog delay would be 
(0.5uV/sec)e(.12us) = —6OmV. Total output error is +40mV 
—60mV = —20mV. 


For a sample and hold amplifier in a multiplexed A/D system, 
acquisition and aperture times are critical parameters. In order 
to maintain the acquired signal level within the specified 
accuracy, these times must be considered when selecting the 
sampling rate. For example, if a 16 channel MUX drives a 
sample and hold amplifier in which each channel is 5KHz and 
2 samples per cycle are needed to satisfy the Nyquist criteria, 
the minimum sampling rate = 160000 samples/sec. ((5KHz X 
16) cycles/sec X 2 samples/cycle). The minimum channel 
period is the reciprocal of the sampling rate of 6.25us. During 
the hold mode the MUX can switch to another channel. This 
eliminates the need to consider the MUX and source settling 
time and shortens the channel period. 


Calculating the sum of the sample and hold acquisition time, 
aperture time and A/D conversion time is usually a convenient 
method for estimating maximum channel period. 


In multiplex applications, sample and hold feed-through is a 
significant problem. Since each channel voltage differs, the 
sample and hold input signal becomes a series of varied height 
pulses that cause errors in the sample and hold voltage. 


Digital feed through occurs when a fast rising logic signal is 
coupled into the analog input. To minimize it, the logic signal 
trace in the PCB layout should be kept as far as possible from 
the analog input. Guarded trace may also be used around the 
input pin for shielding purposes. 


To adjust the DC offset zeroing, the wiper of a 1K potentio- 
meter is connected to the offset adjust pin. One end of the 
potentiometer is connected to VCC and the other is connected 
through a resistor to ground. The value of the resistor is se- 
lected such that the current flows through it at approximately 
6mA. 


Metallization and Pad Layout 
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APPLICATIONS (Cont.) 


TRACK AND HOLD PEAK RECORDER 


FAST ACQUISITION, LOW DROOP SAMPLE AND HOLD 


DEFINITION OF TERMS 


Acquisition Time — The time required to acquire a new analog 
input voltage with an output step of 10V. Note that acquisition 
time is not just the time required for the output to settle, but 
also includes the time required for all internal nodes to settle 
so that the output assumes the proper value when switched to 
the hold mode. 


Aperture time — The delay between the command to hold and 
the actual opening of the hold switch. 

Aperture time uncertainty — The tolerance, or jitter of the 
aperture time. 

Droop rate — The rate of change of output voltage in the hold 


mode. It is caused by leakage currents at the hold capacitor 
node. 


SIGNAL 


| | 
| INPUT | 
| | 
| | 
| | 


SAMPLE | HOLD | | HOLD 


SAMPLE 


LIC-215 


Am9602 


LIC-216 


Feed-through — During hold, a small part of the input signal 
feeds through the capacitor of the switch to the hold capacitor 
and output. This is usually a function of the level and fre- 
quency of the input signal and is expressed in dB. 


Dynamic sampling error — The error introduced into the out- 
puts due to input voltage varying when the hold command is 
issued. Error is expressed in mV with a given hold capacitor. 


Gain error — The ratio of output voltage swing to input voltage 
swing in the sample mode expressed as a percent difference. 


Hold step — The voltage step at the output of the sample and 
hold when switching from sample mode to hold mode with a 
steady (DC) analog input voltage. 








Am1508/1408- SSS1508A/1408A 


8-Bit Multiplying D/A Converter 





Distinctive Characteristics e 
@ |mproved direct replacement for MC1508/1408 


Improved power consumption (SSS1508A/1408A) 
157mW, typ. 


@ +0.19% nonlinearity guaranteed over temperature © Compatible with TTL, CMOS logic 
range @ Standard supply voltage: +5.0V and —5.0V to —15V 
® Improved settling time (SSS1508A/1408A) ® Output voltage swing: +0.5V to —5.0V 
250ns, typ. @ High speed multiplying input: 4.0mA/ys 


FUNCTIONAL DESCRIPTION 


The SSS1508A/1408A, Am1508/1408 are 8-bit monolithic 
multiplying Digital-to-Analog Converters consisting of a 
reference current amplifier, an R-2R ladder, and eight high 
speed current switches. For many applications, only a refer- 
ence resistor and reference voltage need be added. Improve- 
ments in design and processing techniques provide faster 
settling times combined with tower power consumption while 
retaining direct interchangeability with MC1508/1408 devices. 


shunted to ground, therefore the Maximum output current is 
255/256 of the reference amplifier input current. For example, 
a full scale output current of 1.992mA would result from a 
reference input current of 2.0mA. 


The SSS1508A/1408A, Am1508/1408 is useful in a wide 
variety of applications, including waveform § synthesizers, 
digitally programmable gain and attenuation blocks, CRT 
character generation, audio digitizing and decoding, stepping 
motor drives, programmable power supplies and in building 
Tracking and Successive Approximation Analog-to-Digital 
Converters. 


The R-2R ladder divides the reference current into eight 
binarily-related components which are fed to the switches. 
A remainder current equal to the least significant bit is always 


BLOCK DIAGRAM 


CONTROL CURRENT SWITCHES 


R-2R LADDER BIAS CIRCUIT 


NPN CURRENT 


SOURCE PAIR O COMPENSATION 
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ORDERING INFORMATION CONNECTION DIAGRAM 


Part 
Number 


Am1508 


Package 
Type 


Hermetic DIP 
Hermetic DIP 
Hermetic DIP 
Hermetic DIP 
Hermetic DIP 
Hermetic DIP 
Plastic DIP 
Plastic DIP 
Plastic DIP 
Dice 


Hermetic DIP 
Hermetic DIP 
Dice 


Temperature 
Range 


0°C to +70°C 
O°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
O°C to +70°C 
0°C to +70°C 
O°C to +70°C 
0°C to +70°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


Order 
Number 


AM1408L8 
AM1408L7 
AM1408L6 
$SS1408A-8Q 
$SS$1408A-70 
$SS1408A-60 
AM1408N8 
AM1408N7 
AM1408N6 
LD1408 


AM1508L8 
$SS1508A-80 
LD1508 
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Top View 


Note: Pin 1 is marked for orientation, LIC-218 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 
(Ta = +25°C unless otherwise noted) 























Power Supply Voltage Power Dissipation (Package Limitation), Pp 
Vcc +5.5Vde Ceramic Package 1000mW 
VEE —16.5Vde Derate above Ta = +25°C 6.7mW/C 
Digital Input Voltage, V5-V192 +5.5, OVdc Operating Temperature Range, TA 
Applied Output Voltage, Vo +0.5, —5.2Vde SSS1508A-8, Am1508 —55°C to +125°C 
Reference Current, 174 5.0mA SSS1408A Series, Am1408 Series 0°C to +75°C 
Reference Amplifier Inputs, V14, V15 Vcc, VEE Vde Storage Temperature, Tstg —65°C to +150°C 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Vv 
(Vcc = 5.0Vdc, Veg = —15Vdce, rs 2.0mA, SSS1508A-8/Am1508L8: Ta = —55°C to +125°C, SSS1408A/Am1408 Series: Ta = 0°C to +75°C unless 


R14 
otherwise noted. All digital inputs at high logic level.) 
Parameters Description Test Conditions Min. Typ. Max. Units 

















+0,19 
+0,39 % IFS 
+0.78 

PPM/°C 


de 
A 
A 
A 
A 
de 


Relative Accuracy 
$SS1508A-8, SSS1408A-8, Am1508L8, Am1408L8 
SSS1408A6, Am140BL6 Sra omelet] 


Settling Time to within 1/2 LSB (includes tp, }) 
$SS1508A/1408A A 
Ta =+25°C 
Am1508/1408 
tpLH. tPHL Propagation Delay Time Ta =+25°C 








30 


w 
o 


I+ 
nN 
o 


TClo Output Full Scale Current Drift 


Digital Input Logic Levels (MSB) 
ViH High Level, Logic ‘'1” 


High Level, V 5.0V 
Digital Input Current (MSB) 
























Vv 
tow Lave, Vit=oav |_| i 
Referenge Input Bias Current (Pin 15) 
Am1508/1408 aes coer aaa ° 
lor Output Current Range | Vee=-50v | 26 ma | 
Vers =70Vie=15V_ | O 
10 (min) | Output Current (All Bits Low) a 
: | | 





Vv Output Voltage Compliance VEE =—5V 
. (Er < 0.19% at Ta = +25°C) VEE below —10V 
SRl et Reference Current Slew Rate ip 5 eee 2 ll 


Output Current Power Supply Sensitivity 


—0.6, +0.5 
Vv 
—5.0, +0.5 
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.= 
> 
~~ 
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Power Supply Current 


SSS1508A/1408A 






3 
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Ta = +25°C 
45 


All Bits Low 

Vege = —5.0Vde 
VEE = —15Vde 
All Bits High 
Vee = —5.0Vde 
VEE = —15Vde 
All Bits Low 
Vege = —5.0Vde 
VEE = —15Vde 
All Bits High 
Vege = —5.0Vde 
Vee = —15Vde 


Am1508/1408 













VcecrR 
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Power Supply Voltage Range 


Power Dissipation 


$SS1508A/1408A 
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34 136 
108 265 
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TYPICAL APPLICATIONS 


RELATIVE ACCURACY TEST CIRCUIT 


OTO +10V 
OUTPUT 


(20.01% 
ERROR MAX) 


Am1508 
Am1408 
SSS1508A 
SSS1408A 
SERIES 


COUNTER 


LIC-219 


Am1508 
Am1408 
SSS1508A 
SSS1408A 
SERIES 


(SEE TEXT FOR 
VALUES OF C) 


LIC-221 


USE WITH CURRENT-TO-VOLTAGE 
CONVERTING OP AMP 


O VREF 


Vrer = 2.0Vde 
R14 = Ryg = 1.0k2 


Am1408 Rig = 5.0K2 


$SS1508A 
SSS1408A 
SERIES 


THEORETICAL Vo 


VREF A, Az Az Ag Ag Ag Az7 Ag 
Vo =— (Ro)] —+—4t-— t+ t+ t+ ot ot 
R14 2 4 8 16 32 64 126 256 


ADJUST Vref, R14 OR Ro SO THAT Vo WITH ALL DIGITAL 
INPUTS AT HIGH LEVEL IS EQUAL TO 9.961 VOLTS 
a Oa 


2V 
Vo =—(5k)J- + —-+-4+— + + — + — + 
1k 2 4 8 16 32 64 126 256 


255 
= 10V}—— ]= 9.961V 
256 


USE WITH NEGATIVE Vrer 


Am1408 
SSS1508A 
SSS1408A 

SERIES 


Cc 
(SEE TEXT FOR 
VALUES OF C) 


LIC-222 


TRANSIENT RESPONSE AND 
SETTLING TIME TEST CIRCUIT 


Am1408 
SSS1508A 
SSS1408A 

SERIES 


+2,0Vde 


1.0kQ 


@, FOR SETTLING TIME 
MEASUREMENT 
(ALL BITS SWITCHED 
LOW TO HIGH} 


Cg <25pF 


LIC-223 





Am1508/1408 « SSS1508A/1408A 


GENERAL INFORMATION AND APPLICATION NOTES 


REFERENCE AMPLIFIER DRIVE AND COMPENSATION 


The reference amplifier provides a voltage at pin 14 for con- 
verting the reference voltage to a current, and a turn-around 
circuit or current mirror for feeding the ladder. The reference 
amplifier input current, 1,4 must always flow into pin 14 
regardless of the setup method or reference voltage polarity. 


Connections for a positive voltage are shown on page 3. The 
reference voltage source supplies the full current 1,4. For 
bipolar reference signals, as in the multiplying mode, R15 can 
be tied to a negative voltage corresponding to the minimum 
input level. It is possible to eliminate Ry5 with only a small 
sacrifice in accuracy and temperature drift. 


The compensation capacitor value must be increased with 
increases in R74 to maintain proper phase margin; for R44 
values of 1.0, 2.5 and 5.0 kilohms, minimum capacitor values 
are 15, 37, and 75 pF. The capacitor may be tied to either 
Vee or ground, but using Veg increases negative supply 
rejection. 


A negative reference voltage may be used if R14 is grounded 
and the reference voltage is applied to R15 as shown. A high 
input impedance is the main advantage of this method. Com- 
pensation involves a capacitor to Veg on pin 16, using the 
values of the previous paragraph. The negative reference 
voltage must be at least 4.0 volts above the Vee supply. 
Bipolar input signals may be handled by connecting R14 to a 
positive reference voltage equal to the peak positive input level 
at pin 15. 


When a dc reference voltage is used, capacitive bypass to ground 
is recommended. The 5.0V logic supply is not recommended 
as a reference voltage. If a well regulated 5.0V supply which 
drives logic is to be used as the reference, R14 should be de- 
coupled by connecting it to +5.0V through another resistor 
and bypassing the junction of the two resistors with 0.1uF 
to ground. For reference voltages greater than 5.0V, a clamp 
diode is recommended between pin 14 and ground. 


lf pin 14 is driven by a high impedance such as a transistor 
current source, none of the above compensation methods 
apply and the amplifier must be heavily compensated, de- 
creasing the overall bandwidth. 


OUTPUT VOLTAGE RANGE 


The voltage on pin 4 is restricted to a range of —0.6 to +0.5 
volts when Veg = —5.0V due to the current switching methods 
employed in the SSS1508A-8, Am1508. 


The negative output voltage compliance of the SSS1508A-8, 
Am1508 is extended to —5.0V where the negative supply 
voltage is more negative than —10 volts. Using a full scale 
current of 1.992mA and load resistor of 2.5 kilohms between 
pin 4 and ground will yield a voltage output of 256 levels 
between 0 and —4.980 volts. Floating pin 1 does not affect 
the converter speed or power dissipation. However, the value 
of the load resistor determines the switching time due to 
increased voltage swing. Values of Ry up to 500 ohms do not 
significantly affect performance but a2.5-kilohm load increases 
“worst case” settling time to 1.2uS (when all bits are switched 
on). Refer to the subsequent text section on Settling Time 
for more details on output loading. 


OUTPUT CURRENT RANGE 


The output current maximum rating of 4.2mA may be used 
only for negative supply voltages more negative than —7.0 
volts, due to the increased voltage drop across the resistors 
in the reference current amplifier. 
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ACCURACY 


Absolute accuracy is the measure of each output current 
level with respect to its intended value, and is dependent 
upon relative accuracy and full scale current drift. Relative 
accuracy is the measure of each output current level as a frac- 
tion of the full scale current. The relative accuracy of the 
SSS1508A-8, Am1508 is essentially constant with tempera- 
ture due to the excellent temperature tracking of the mono- 
lithic resistor ladder. The reference current may drift with 
temperature, causing a change in the absolute accuracy of out- 
put current. However, the SSS1508A-8 has a very low full 
scale current drift with temperature. 


The SSS1508A-8/Am1508 Series is guaranteed accurate to 
within +1/2 LSB at a full scale output current of 1.992mA. 
This corresponds to a reference amplifier output current drive 
to the ladder network of 2.0mA, with the loss of one LSB 
(8.0uA) which is the ladder remainder shunted to ground. 
The input current to pin 14 has a guaranteed value of between 
1.9 and 2.1mA, allowing some mismatch in the NPN current 
source pair. The accuracy test circuit is shown on page 3. 
The 12-bit converter is calibrated for a full scale output current 
of 1.992mA. This is an optional step since the SSS1508A-8, 
Am1508 accuracy is essentially the same between 1.5 and 
2.5mA. Then the SSS1508A-8, Am1508 circuits’ full scale 
current is trimmed to the same value with R14 so that a zero 
value appears at the error amplifier output. The counter is 
activated and the error band may be displayed on an oscil- 
loscope, detected by comparators, or stored in a peak detector. 


Two 8-bit D-to-A converters may not be used to construct a 
16-bit accuracy D-to-A converter. 16-bit accuracy implies a 
total error of +1/2 of one part in 65,536 or +0.00076%, 
which is much more accurate than the t0.19% specification 
provided by the SSS1508A-8, Am1508. 


MULTIPLYING ACCURACY 


The SSS1508A-8, Am1508 may be used in the multiplying 
mode with eight-bit accuracy when the reference current is 
varied over a range of 256:1. If the reference current in the 
multiplying mode ranges from 16uA to 4.0mA, the additional 
error contributions are less than 1.6uA. This is well within 
eight-bit accuracy when referred to full scale. 


A, monotonic converter is one which supplies an increase in 
current for each increment in the binary word. Typically, the 
SSS1508A-8, Am1508 is monotonic for all values of reference 
current above 0.5mA. The recommended range for operation 
with a dc reference current is 0.5 to 4.0mA. 


SETTLING TIME 


The “worst case’’ switching condition occurs when all bits are 
switched “on,” which coresponds to a LOW-to-HIGH transi- 
tion for all bits. This time is typically 250ns for settling to 
within +1/2 LSB, for 8-bit accuracy, and 200ns to 1/2 LSB 
for 7 and 6-bit accuracy. The turn off is typically under 100ns. 
These times apply when Ry, < 500 ohms and Co S 25pF. 


The slowest single switch is the least significant bit. In applica- 
tions where the D-to-A converter functions in a positive-going 
ramp mode, the “worst case” switching condition does nat 
occur, and a settling time of less than 250ns may be realized. 


Extra care must be taken in board layout since this is usually 
the dominant factor in satisfactory test results when measuring 
settling time. Short leads, 100uF supply bypassing for low 
frequencies, and minimum scope lead length are all mandatory. 
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Eight-Bit/Twelve-Bit Successive Approximation Registers 


Distinctive Characteristics 
@ Contains all the storage and control for successive 


approximation A-to-D converters. 

Provision for register extension or truncation. 

Can be operated in START-STOP or continuous 
conversion mode. 


FUNCTIONAL DESCRIPTION 

The Am2502, Am2503 and Am2504 are 8-bit and 12-bit TTL Suc- 
cessive Approximation Registers. The registers contain all the digital 
control and storage necessary for successive approximation analog-to- 
digital conversion. They can also be used in digital systems as the 
control and storage element in recursive digital routines. 

The registers consist of a set of master latches that act as the control 
elements in the device and change state when the input clock is*LOW, 
and a set of slave latches that hold the register data and change on the 
input clock LOW-to-HIGH transition. Externally the device acts as a 
special purpose serial-to-parallel converter that accepts data at the D 
input of the register and sends the data to the appropriate slave latch 
to appear at the register output and the DO output on the Am2502 
and Am2504 when the clock goes from LOW-to-HIGH. There are no 
restrictions on the data input; it can change state at any time except 
during the set-up time just prior to the clock transition. At the same 
time that data enters the register bit the next less significant bit is set 
to a LOW ready for the next iteration. 

The register is reset by holding the § (Start) signal LOW during the 
clock LOW-to-HIGH transition. The register synchronously resets to 
the state Q7(11) LOW, (Note 2) and all. the remaining register outputs 
HIGH. The CC (Conversion Complete) signal is also set HIGH at this 
time. The S signal should not be brought back HIGH until after the 





@ 100% reliability assurance testing in compliance 
with MIL-STD-883. 
e Can be used as serial-to-parallel converter or ring 


counters. 
®@ Electrically tested and optically inspected dice for 
the assemblers of hybrid products. 


clock LOW-to-HIGH transition in order to guarantee correct resetting. 
After the clock has gone HIGH resetting the register, the S signal is 
removed. On the next clock LOW-to-HIGH transition the data on the 
D input is set into the Q7(11) register bit and the Qg(10) register bit is 
set to a LOW ready for the next clock cycle. On the next clock LOW- 
to-HIGH transition data enters the Qg(10) register bit and OQ, (9) is set 
to a LOW. This operation is repeated fos each register bit in turn until 
the register has been filled. When the data goes into Qo, the CC signal 
goes LOW, and the register is inhibited from fiérther change until reset 
by a Start signal. 


In order to allow complementary conversion the complementary 
output of the most significant register bit is made available. An active 
LOW enable input, E, on the Am2503 and Am2504 allows devices to 
be connected together to form a longer register by connecting the 
clock, D, and S inputs together and connecting the CC output of one 
device to the E input of the next less significant device. When the Start 
signal resets the register, the E signal goes HIGH, forcing the Q7(11) bit 
HIGH and inhibiting the device from accepting data until the previous 
device is full and its CC goes LOW. If only one device is used the E 
input should be held at a LOW logic level (Ground). If all the bits are 
not required, the register may be truncated and conversion time saved 
by using a register output going LOW rather than the CC signal to 
indicate the end of conversion. 


LOGIC DIAGRAMS 


DO (2502, 2504) 


YEr10) Vise note) 
9 


| Bits 5 (9) to 1 








_O 
O71 


Notes: 1. Cell logic is repeated for register stages. Q5 to Q] Am2502/3, Qg to Qy Am2504. 


2. Numbers in parentheses are for Am2504. 


LOGIC SYMBOLS 


Am2502/2503 Am2504 
B-BIT SAR 12 BITSAR 


Gg 5 Q4 Q3 Q) A, Oy G11 A19 Ay Ag G7 Og Og Aq Q3 7G) Ay 


23212079 18 1716 $ 8 7 6 5 4 


LIC-226 


16 14 13°12 11 6 5&5 4 3 


LIC-225 

Vec = Pin 24 
GND = Pin 12 
NC = Pins 10, 15 22 


Vec = Pin 16 
GND = Pin 8 


LIC-224 


CONNECTION DIAGRAMS 
Top Views 


Am2502 
Am2503 
(16-Pin) 


&m2504 
(24-Pin) 


Kee Note: Pin 1 is marked for orientation. LIC-228 





MAXIMUM RATINGS (Above which the useful life may be impaired) 
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Storage Temperature 





—65°C to +150°C 





Temperature (Ambient) Under Bias 








—55°C to +125°C 























Supply Voltage to Ground Potential: Continuous —-0.5V to +7 V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Voce max 
DC Input Voltage —0.5 V to +5.5 V 
Output Current, Into Outputs 30 mA 





DC Input Current 











—30 mA to +5.0 mA 








ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 




















Am2502XC Am2503XC Am2504XC Ty =0°C to +75°C Veg = 5:0V +5% 
Am2502XM = Am2503XM Am2504XM Ta =—-55 Cto+125°C Vag = 5.0V +10% 
Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 
Vv Output HIGH Volt vec. MN elon Ones 2.4 3.6 Volt 
utpu oltage = F . olts 
OH 9 Vin = iH Of Vi 
Output LOW Voltage Veco = MIN., lo, = 9.6mA 
YGL {Note 2 ) VIN = Vin or VIL 0.2 Volts 
Guaranteed input logical HIGH 
VIH es cia pale voltage ied alt Ina peo ||| vate 
Guaranteed input logical LOW 
ee paella voltage forall inputs vee | 
Tr Input HIGH Current eee iN eee eta — eo 
Isc Output Short Circuit Current Vec = MAX., VouT =0.0V | to [| mY 8 mA 
Re a in dvs linea oes Mee — x = IE — OO ane SI BO) <0 
cc See cient eM ANOS Os fee fi 00 eae 
xu [20 170 : 
ee exe [2 a ee 
Notes: 1. Typical Limits are at Veg = 5.0V, 25°C ambient and maximum loading. 
2. VoL{MAX.) = 0.4V with total device fanout of less than 50 TTL Unit Loads (80mA). Otherwise, Vo_(MAX.) = 0.45V. 
Switching Characteristics (Ta = 25°C, Vcc = 5.0V, CL = 15pF) 
Parameters Description Min. Typ. Max. Units 


Turn Off Delay CP to Output HIGH (except Q44, O44) 





Turn Off Delay CP to Q44 or Q44 HIGH 





Turn On Delay CP to Output LOW 
Set-up Time Data Input 
Set-up Time Start Input 











Turn Off Delay E to Q7(11) HIGH (Am2503/Am2504) 





Turn On Delay E to O7(11) LOW 
Minimum LOW Clock Pulse Width 
Minimum HIGH Clock Pulse Width 


Cp=H,S=L 











towH (CP) 
fmax. 





Maximum Clock Frequency 
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Am2502/03/04 


SWITCHING TIME WAVEFORMS 


AT LEAST 
towHl(CP) 


AT LEAST 


tow CP) 





KEY TO TIMING DIAGRAM 





foe 


WAVEFORM INPUTS OUTPUTS 





WWV 
HAA 


1,(D) MIN. 


SOODAA SALA 


tod MIN.—o4 


TTTUTOTTTOTONTTTY WA AANA AY. 
IVAVVVVVVVVVVVIVV' IVWVVVVVVVV\ 


MUST BE 
STEADY 


WILL BE 
STEADY 


Ly t(D) MIN. 


WWVWVVVVVVV 
WILL BE 
CHANGING 
FROM H TO L 


MAY CHANGE 
FROMH TOL 





Q7(11) 





tds MAX. 


Q¢(10) 


WILL BE 
CHANGING 
FROM L TOH 


MAY CHANGE 
FROM LTOH 








DON'T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 











oo 
(2502, 2504) 
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15v ENABLE TO Q7 (11) 





id 
(2503, 2504) 





CP = H WHEN ENABLE CHANGES 


15V APPLIES ONLY WHEN START-SIGNAL APPLIED 





Q7(11) 


DEFINITION OF TERMS 
SUBSCRIPT TERMS: 


H HIGH, applying to a HIGH logic level or when used with Voc 
to indicate high Vcc value. 


1 Input 


L LOW, applying to LOW logic level or when used with Vcc to 
indicate low Vcc value. 


O Output 
FUNCTIONAL TERMS: 


Fan-Out The logic HIGH or LOW output drive capability in 
terms of Input Unit Loads. 


Input Unit Load One T? L gate input load. In the HIGH state it 
is equal to |j,4 and in the LOW state it is equal to Ij. 


CP The clock input of the register. 


CC The conversion complete output. This output remains HIGH 
during a conversion and goes LOW when a conversion is complete. 
D The serial data input of the register. 


E The register enable. This input is used to expand the length of 
the register and when HIGH forces the Q7(11) register output 
HIGH and inhibits conversion. When not used for expansion the 
enable is held at a LOW logic level (Ground). 

Q7(11) The true output of the MSB of the register. 

Q7(11) The complement output of the MSB of the register. 

Qj i = 7(11) to O The outputs of the register. 

S The start input. {f the start input is held LOW for at least a 
clock period the register will be reset to Q7(11) LOW and all the 
remaining outputs HIGH. A start pulse that is LOW for a shorter 
period of time can be used if it meets the set-up time require- 


ments of the S input. 
DO The serial data output. 


OPERATIONAL TERMS: 
li. Forward input load current. 


(The D input delayed one bit). 


RING PREV LOCK PERIOD, 
OURING PREVIOUS CLOC! ° LIC-230 





lo Output HIGH current, forced out of output Vo}, test. 


lor, Output LOW current, forced into the output in Vo, test. 
Ii Reverse input load current. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Vin Minimum logic HIGH input voltage. 

Vit Maximum logic LOW input voltage. 

VoH Minimum logic HIGH output voltage with output HIGH 
current Ioy flowing out of output. 

Voi Maximum logic LOW output voltage with output LOW cur- 
rent lo_ flowing into output. 

SWITCHING TERMS: ( Measured at the 1.5V logic level). 

tog— The propagation delay from the clock signal LOW-HIGH 
transition to an output signal HIGH-LOW transition. 

tog+ The propagation delay from the clock signal LOW-HIGH 
transition to an output signal LOW-HIGH transition. 


tog —(E) The propagation delay from the Enable signal HIGH- 
LOW transition to the Q7(11} output signal HIGH-LOW trans- 
ition. 

tog+(E) The propagation delay from the Enable signal LOW- 
HIGH transition to Q7(11) output signal LOW-HIGH transition. 


t,(D) Set-up time required for the logic level to be present at the 
data input prior to the clock transition from LOW to HIGH in 
order for the register to respond. The data input should remain 
steady between t, max. and t, min. before the clock. 

t,(S) Set-up time required for a LOW level to be present at the 
S input prior to the clock transition from LOW to HIGH in order 
for the register to be reset, or time required for a HIGH level to 
be present on S before the HIGH to LOW clock transition to 
prevent resetting. 


tpw(CP) The minimum clock pulse width (LOW or HIGH) 
required for proper register operation. 
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Am2502/3 TRUTH TABLE USER NOTES FOR A/D CONVERSION 


1. The register can be used with either current switches 

that require a low voltage level to turn the switch on, 

Time Inputs Outputs or current switches that require a high voltage level to 

— turn the current switch on. If current switches are used 

Q4 Q3 Qy Q; Ay CC which turn on with a low logic level the resulting digital 

output from the register is active LOW. That is, a logic 

“1"is represented as a low voltage level. If current swit- 

ches are used that turn on with a high logic level then 

the digital output is active HIGH; a logic ‘1’’is repre- 
sented as a high voitage level. 


Cad 
a 








xX 


x 
x 


For a maximum digital error of +4%LSB the comparator 
must be biased. If current switches that require a high 
voltage level to turn on are used, the comparator should 
be biased +%LSB and if the current switches require a 
high logic !evel to turn on then the comparator must be 
biased —’4LSB. 


omonr oon WN A O 
Fo Ee Lh 


The register, by suitable selection of resistor ladder net- 
work, can be used to perform either binary or BCD 
conversion. Additional data input gating should be used to 
eliminate the possibility of false BCD codes. 
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H = HIGH Voltage Level . The register can be used to perform 2’s complement 
L = LOW Voltage Level conversion by offsetting the comparator % full range 
X = Don't Care +% LSB and using the complement of the MSB Q7 
NC = No Change (Q44) as the sign bit. 





Note: Truth Table for Am2504 is extended to include . f the register is truncated and operated in the continuous 
12 outputs. conversion mode a lock-up condition may occur on power- 
on. This situation can be overcome by making the 
START input the OR function of CC and the appropriate 
register output. 


Am2502/3 TIMING CHART 


INPUTS START | 
DATA | | j | | | 


Q7 


6 
Qs 
Q, 
Q3 
OUTPUTS 
Qg 
aq, 
Q 


CONVERSION 
COMPLETE 


ioe) 
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Am2502/03/04 


Am2502/3 LOADING RULES (IN UNIT LOADS) Am2504 LOADING RULES (IN UNIT LOADS) 
Input Fanout Input Fanout 
Pin Unit Load Output Output Pin Unit Load Output Output 
input/Output No.’s LOW HIGH HIGH LOW Input/Output No.’s LOW HIGH HIGH LOW 
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MS! INTERFACING RULES 
Equivalent 
Input Unit Load 
Interfacing Digital Family HIGH LOW 





= 
© 





NOL dN 
-| oO 


Advanced Micro Devices 9300/2500 Series 
FSC Series 9300 
Advanced Micro Devices 54/7400 


1 
1 
1 
TI Series 54/7400 1 =a oe epee a ee ee ee ee 
Signetics Series 8200 2 A Standard TTL Unit Load is defined as 40uA measured at 2.4V 
1 
2 


ND} MIN 
Bl wl] ry 


HIGH and —1.6mMA measured at 0.4V LOW. 
National Series DM 75/85 


DTL Series 930 1 





NC = No Connection 


INPUT/OUTPUT INTERFACE CONDITIONS 
Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
"LOW" DRIVEN'LOW" 


OUTPUT LOAD 
MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
(High level} VOLTAGE 


ViLg ; 
7 " ND = 
LOW" OUTPUT ss es MAXIMUM LOGIC Ss 
. “LOW” INPU o 
=_—_ ee VOLTAGE Current Interface Conditions — HIGH 


IMMUNITY OUTPUT DRIVING INPUT LOAD | 
(Low level) "HIGH" DRIVEN'HIGH 


ORIVING DEVICE DRIVEN DEVICE 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


DRIVING 
DEVICE DEVICE 
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Am2502/03/04 


Am2502/3/4 APPLICATION 
Continuous Conversion Analog-to-Digital Converter 





DO SERIAL DATA OUT 


Am2504 
12-BIT SAR be CONVERSION 
011 Q;9 0g Og @ @ © » 03070; Oy 


COMPLETE 








PARALLEL 
a DATA 
Slim OUT 
ik COMPARATOR 


| eroncomann BIT D/A CONVERTER 
ANALOG INPUT 
This shows how the Am2502/3/4 registers are used with a Digital-to-Analog converter and a comparator to form a very high-speed con 


tinuous conversion Analog-to-Digital converter. Conversion time is limited mainly by the speed of the D/A converter and comparator with 
typical conversion rates of 100,000 conversions per second. 


LIC-233 





Metallization and Pad Layout 


Am2502 Am2503 Am2504 


~~ 


iC ieed 
pag 


Metts 


Praha 

















DIE SIZE 0.087” X 0.105” DIE SIZE 0.087” X 0.105” DIE SIZE 0.087” X 0.135” 
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Am25L02/25L03/25L04. 


Low-Power, Eight-Bit/Twelve-Bit Successive Approximation Registers 


Distinctive Characteristics 
@ Contains all the storage and contro! for successive 


approximation A-to-D converters. 


@ Can be operated in START-STOP or continuous 


conversion mode. 


FUNCTIONAL DESCRIPTION 


The Am25L02, Am25L03 and Am25L04 are 8-bit and 12-bit TTL 
Successive Approximation Registers. The registers contain all the digital 
control and storage necessary for successive approximation analog-to- 
digital conversion. They can also be used in digital systems as the 
control and storage element in recursive digital routines. 


The registers consist of a set of master latches that act as the control 
elements in the device and change state when the input clock is LOW, 
and a set of slave latches that hold the register data and change on the 
input clock LOW-to-HIGH transition. Externally the device acts as a 
special purpose serial-to-parallel converter that accepts data at the D 
input of the register and sends the data to the appropriate slave latch 
to appear at the register output and the DO output on the Am25L02 
and Am25L04 when the clock goes from LOW-to-HIGH. There are no 
restrictions on the data input; it can change state at any time except 
during the set-up time just prior to the clock transition. At the same 
time that data enters the register bit the next less significant bit is set 
to a LOW ready for the next iteration. 

The register is reset by holding the S (Start) signal LOW during the 
clock LOW-to-HIGH transition. The register synchronously resets to 
the state Q7(11) LOW, (Note 2) and all the remaining register outputs 
HIGH. The CC (Conversion Complete) signal is also set HIGH at this 
time. The S signal should not be brought back HIGH until after the 
clock LOW-to-HIGH transition in order to guarantee correct resetting. 





@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


@ Can be used as serial-to-parallel converter or ring 


counters. 


After the clock has gone HIGH resetting the register, the § signal is 
removed. On the next clock LOW-to-HIGH transition the data on the 
D input is set into the Q7(11) register bit and the Qg(10) register bit is 
set to a LOW ready for the next clock cycle. On the next clock LOW- 
to-HIGH transition data enters the Qg{10) register bit and Q5(9) is set 
to a LOW. This operation is repeated for each register bit in turn until 
the register has been filled. When the data goes into Qg, the CC signal 
goes LOW, and the register is inhibited from further change until reset 
by a Start signal. 


In order to allow complementary conversion the complementary 
output of the most significant register bit is made available. An active 
LOW enable input, E, on the Am25L03 and Am25L04 allows devices 
to be connected together to form a longer register by connecting the 
clock, D, and_S inputs together and connecting the CC output of one 
device to the E input of the next less significant device. When the Start 
signal resets the register, the E signal goes HIGH, forcing the Q7(11) bit 
HIGH and inhibiting the device from accepting data until the previous 
device is full and its CC goes LOW. If only one device is used the E 
input should be_held at a LOW logic fevel (Ground). For continuous 
conversion the CC output is connected to the S input so that the device 
automatically restarts at the end of a conversion. If all the bits are 
not required, the register may be truncated and conversion time saved 
by using a register output going LOW rather than the CC signal to 
indicate the end of conversion. 


LOGIC DIAGRAMS 


DO (25L02, 25.04) 


Ory 101 V\see note 
’ | Bits 519) to 1 
































Notes: 1. Cell logic is repeated for register stages. Q5 to Q7 Am25L02/3, Qg to Q1 Am25L04. 
2. Numbers in parentheses are for Am25L04. 


LOGIC SYMBOLS 


(25103) 1 


Am25L02/25L03 
S-alTSAR 


Am25L04 
12-BIT SAR 


O11 Qyq Ag Og O7 Og Os Aq 23 A2 A; Oo 


8 1433 12 11 6 5 4 3 23 212019 18 1716 9 8 7 6 & 4 


LIC-235 LIC-236 


Vec = Pin 24 
GND = Pin 12 
NC = Pins 10, 15 22 


Vec = Pin 16 
GND = Pin8 
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LIC-234 


CONNECTION DIAGRAMS 
Top Views 


{2502} DO; e 
asco) EL]! 


Am25L02 13] _]& 
Amzstoa 12 P-1°s Am25L04 
5 M6Pin | (24-Pin} 


Note: Pin 1 is marked for orientation. 
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Am25L02/L03/L04 
MAXIMUM RATINGS (Above which the useful life may be impaired) 























Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcec max. 
DC Input Voltage —0.5V to +5.5V 
Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 






















































































































Am25L02XC Am25L03 XC Am25L04XC Ta =oc io +75° c Vec = 5.0V +5% 
Am25L02XM Am25L03 XM Am25L04XM Ta = —55°C to +125°C Vec = 5.0V +10% 
Parameters Description Test Conditions Min. Typ.(Note 1) Max. Units 
Vv Output HIGH Volt Rees Obs sate 2.4 3.6 Volt 
utpu oltage 3 : olts 
oH VIN = ViH OF VIL 
Vv MIN., | 4,.92mA 
Output LOW Voltage cc- OL > 0.3 Volts 
(Note 2) VIN = Vin oF VEL 
Guaranteed input logical HIGH 
a Input HIGH Level voltage for all inputs Volts 
Guaranteed input logical LOW 
inal Input LOW Level voltage for all inputs Volts 
Input LOW Current mA 
Input HIGH Current uA 
Input HIGH Current mA 
Output Short Circuit Current 35 mA 
33 
mA 
35 
31 
lec Power Supply Current Voc = MAX. Am25L03 33 mA 
42 
Am25L04 mA 
45 
Notes: 1. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. VoL(MAX) = 0.3V with total device fanout of less than 90 Low Power TTL Unit Loads (36mA), otherwise, VoL (MAX) = 0.35V. 
ee . . ° ° 
Switching Characteristics (Ta = 25°C, Vcc = 5.0V, Cy. = 15pF) 

Parameters Description Min. Typ. Max. Units 
tod+ Turn Off Delay CP to Output HIGH (except O17, O14) 20 ; ns 
tod+ Turn Off Delay CP to Q44 or G44 HIGH 30 ns 
tod— Turn On Delay CP to Output LOW 20 ns 

———_——} 
t,(D) Set-up Time Data Input ; 15 ns 
t,(S) Set-up Time Start Input ns 
tod+(E) Turn Off Delay E to Q7(11) HIGH (Am25L03/Am25L04) ns 
tog—(E) Turn On Delay E to Q7(11) LOW Cp=H,S=L ns 
towL(CP) Minimum LOW Clock Pulse Width 100 150 ns 























towHI(CP) Minimum HIGH Clock Pulse Width 70 100 ns 
fmax. Maximum Clock Frequency 3.5 5.0 MHz 
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Am25L02/L03/L04 


Am25L02/3 TRUTH TABLE USER NOTES FOR A/D CONVERSION 


The register can be used with either current switches 

that require a low voltage level to turn the switch on, 
Time Inputs Outputs or current switches that require a high voltage level to 
turn the current switch on. If current switches are used 
which turn on with a low logic level the resulting digital 
output from the register is active LOW. That is, a logic 
'1’"is represented as a low voltage level. If current swit- 
ches are used that turn on with a high logic level then 
the digital output is active HIGH; a logic ‘‘1"’is repre- 
sented as a high voltage level. 


Q3 QA, 


- 
a 


For a maximum digital error of +%LSB the comparator 
must be biased. If current switches that require a low 
voltage level to turn on are used, the comparator should 
be biased +%LSB and if the current switches require a 
high logic level to turn on then the comparator must be 
biased —“~LSB. 


The register, by suitable selection of resistor ladder net- 
work, can be used to perform either binary or BCD 
conversion. 


oon ownDoarkhl WN Oo 
mPrrerrrerrerelm 
rrerrrrrrirzrx/|9g 


= 
oO 
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x= 
2 
Qa 


The register can be used to perform 2’s complement 
conversion by offsetting the comparator % full range 
H = HIGH Voltage Level +% LSB and using the complement of the MSB 
L = LOW Voltage Level Q7 (11) as the sign bit. 
X = Don’t Care 


egister i ncated an erated in the contin- 
NC = No Change If the register is truncated and operated in the cont 


uous conversion mode a lock-up condition may occur on 
power-on. This situation can be overcome by making 
the START input the OR function of CC and the appro- 
priate register output. 


Note: Truth Table for Am25L04 is extended to include 
12 outputs. 


SWITCHING TIME WAVEFORMS 


AT LEAST AT LEAST 
towL(CPY tpwH (CP) 


KEY TO TIMING DIAGRAM 


fC 


t,(S)MIN. WAVEFORM INPUTS OUTPUTS 





t,(S} MAX. 
sVWVVWWV\ nT 


"AWWA MAILE STEADY STEADY 
tg(D) MAX. ts{D) MAX. 7 —— en 
t(D) MIN. 1,(D) MIN. 





t,(S) MIN. 





oY VIVA WV VAY VAY NYYANYYAY a 
WWW AVANT MAY CHANGE vane 


CHANGING 
FROMH TOL 
tog— MAX. ; FROMH TOL 


EA ii , WILL BE 


MAY CHANGE = GHANGING 
‘ 
= —=—=- TEV 
6 HL ww 








FROMLTOH = FROMLTOH 











DON’T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


oo z 
(25102, 25104) 


LIC-239 




















qv ENABLE TO Q? (11) 
(25103, 251.04) CP = H WHEN ENABLE CHANGES 





APPLIES ONLY WHEN START-SIGNAL APPLIED 


91) —— ooo 15Y DURING PREVIOUS CLOCK PERIOD. 
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Am25L02/3 TIMING CHART 


CLOCK [ ] | | | | | | | | | | | 
INPUTS START ieee ge es ee ds ee ae 
Bees ewe Sheek ee a re 
a ee 
QO | 
Og 
Q4 
93 
OUTPUTS 
Q2 
Q, 
Q 


CONVERSION 
COMPLETE 





DO 
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Am25L02/3/4 APPLICATION 
Continuous Conversion Analog-to-Digital Converter 


Am25L04 SERIAL DATA OUT 


12-BIT SAR CONVERSION 


COMPLETE 


PARALLEL 
DATA 
QUT 


COMPARATOR 


12 BIT D/A CONVERTER 


ANALOG INPUT 
LIC-242 


This shows how the Am25L02/3/4 registers are used with a Digital-to-Analog converter and a comparator to form a very high-speed 
continuous conversion Analog-to-Digital converter. Conversion time is limited mainly by the speed of the D/A converter and comparator 


with typical conversion rates of 300,000 conversions per second. The comparator can be the Am111 precision comparator, or Am106 
high-speed comparator. 


Metallization and Pad Layout 
Am25L02 Am25L03 Am25L04 














DIE SIZE 0.087” X 0.105” DIE SIZE 0.087” X 0.105” DIE SIZE 0.087" X 0.135” 
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Am6070 


Companding D-to-A Converter for Control Systems 


Distinctive Characteristics 


Tested to 4-255 companding law 

Absolute accuracy specified — includes all errors over 
temperature range 

Settling time 300ns typical 

Ideal for multiplexed PCM, audio, and 8-bit u-P 
systems 

Output dynamic range of 72 dB 

12-bit accuracy and resolution around zero 


Sign plus 12-bit range with sign plus 7-bit coding 
Improved pin-for-pin replacement for DAC-76 
Microprocessor controlled operations 

Multiplying operation 

Negligible output noise 

Monotonicity guaranteed over entire dynamic range 
Wide output voltage compliance 
Low power consumption 


GENERAL DESCRIPTION 


The Am6070 monolithic companding D/A converter achieves 
a 72dB dynamic range which is equivalent to that achieved 
by a 12-bit converter. 


The transfer function of the Am6070 complies with the Bell 
system 4-255 companding law, and consists of 15 linear 
segments or chords. A particular chord is identified with the 
sign bit input, (SB) and three chord select input bits. Each 
chord contains 16 uniformly spaced linear steps which are 


FUNCTIONAL BLOCK DIAGRAM 


CHORD BITS STEP BITS 


By By Bg By 8, Bg By 
O O O O 


SELECTOR 


N 


'o 


CHORD AND 
PEDESTAL 
SOURCES 


ORDERING INFORMATION 


FC to 470°C 
OC to 470°C 


determined by four step select input bits. Accuracy and 
monotonicity are assured by the internal circuit design and 
are guaranteed over the full temperature range. 


Applications for the Am6070 include digital audio recording, 
servo-motor controls, electromechanicai positioning, voice 
synthesis, secure communications, microprocessor con- 
trolled sound and voice systems, log sweep generators and 
various data acquisition systems. 


CONNECTION DIAGRAM 


ENCODE/DECODE SELECT: 1 = ENCODE 


SIGN BIT INPUT: 1 = POSITIVE 


MOST SIGNIFICANT CHORD BIT INPUT 


SECOND CHORD BIT INPUT 


LEAST SIGNIFICANT CHORD BIT INPUT 


MOST SIGNIFICANT STEP BIT INPUT 


SECOND STEP BIT INPUT 


THIRD STEP BIT INPUT 


LEAST SIGNIFICANT STEP BIT INPUT 


POSITIVE POWER SUPPLY 
DECODER OUT: E/D SB = 00 
DECODER OUT: E/D SB=01 
ENCODER OUT: E/D SB =10 
ENCODER OUT: E/D SB=11 
NEGATIVE POWER SUPPLY 
NEGATIVE REFERENCE INPUT 
POSITIVE REFERENCE INPUT 


THRESHOLD CONTROL 


Top View 


Pin 1 is marked for orientation. 
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SIMPLIFIED CONVERSION TRANSFER FUNCTIONS 


Decoder 
Characteristic 


ANALOG 
OUTPUT (+) 


DIGITAL 
INPUT (-) 


DIGITAL 
INPUT (+) 


ANALOG 


OUTPUT (-} LIC-245 
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Encoder 
Characteristic 


DIGITAL 
OUTPUT (+) 


ANALOG 
INPUT (-} 


ANALOG 
INPUT (+} 


DIGITAL 
OUTPUT{-} 
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MAXIMUM RATINGS above which useful life may be impaired 
V+ Supply to V— Supply 36V | Operating Temperature 
Vic Swing V—plus 8V to V+ MIL Grade —55°C to +125°C 
Output Voltage Swing V— plus 8V to V— plus 36V COM’L Grade 0°C to +70°C 











Reference Inputs V—to V+ | Storage Temperature —65°C to +150°C 
Reference Input Differential Voltage +18V | Power Dissipation TA < 100°C 500mW 
Reference Input Current 1.25mA For Ta > 100°C derate at 10mw/C 
Logic Inputs V— plus 8V to V— plus 36V | Lead Soldering Temperature 300°C (60 sec) 














GUARANTEED FUNCTIONAL SPECIFICATIONS 















For both groups of 128 steps and over full operating temperature range 
ELECTRICAL CHARACTERISTICS 
These specifications apply for V+ = +15V, V— = —15V, Iper = 528uA, 0°C <= Ty, < +70°C, for the commercial grade, —55°C < Ta, < 
+125C, for the military grade, and for all 4 outputs unless otherwise specified. ~m6070ADM Am6070DM 
Am6070ADC Am6070DC 
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 
To within +1/2 step at Ta = 25°C 
Settling Time output switched from 300 
Izg to Irs 
peia |_| [1 [ ster 
Guaranteed by output aia [ | [= [Step 


I+ 
S 
It 
kt 


Sar current error specified 
Full Scale Current Deviation below. 
From Ideal 


Vrer = 10.000V 

Rrer+ = 18.94kO0. 

Rrer— = 20kN 

—5.0V < Vout =< +18V 

Error referred to nominal values 
in Table 1. 


Output Current Error 


! H 
8 

B 

—_ 


+ 
s 
I+ 


VREF = 10.000V 
Rrer+ = 18.94k2 
REF = 20 
-5.0V < Vout <= +18V 
Error referred to nominal values 
in Table 1 


lo(+)—lo—)| Full Scale Symmetry Error 





1/40 | 1/8 1/20 | 1/4 Step 
11440 | 1/8 1/20] 1/4 Step 


Encode Current Boden OULpUt 38 | 12) 58 | 14 | 12| 34 
Encode/Decode = 1 
Measured at selected output 
Zero Scale Current with 000 0000 input 1/40 1/20 
[ Full Scale Drift | tol +12 | Step | 


Full Scale Drift Operating temperature range 1/20| +1/4 1 


Voc Output Voltage Compliance dex hee currentenange || +10 | vos | 


| 42 | mA 


| 2.0 | 
mis 
E Sle Rd 
= 


Ht 


I+ 
S 












Output disabled by E/D and SB 


ee 
fOuputGunentRenges—fSSSCSCS~—S 
oil 
Eo 
Eo 
oe 


Disable Current 


+ 
ioe) 


Vis 
Reference Bias Current as re 
aia 


Power Supply Sensitivity 


V+ = 4.5 to 18V, V- = —15V +11 
Over Supply Range (Refer V— = 10.8 + —18V, V+ = 15V +1/ 
to Characteristic Curves) : : ~ 


I+ V+ = +5.0 to +15V, V— = -—15V 
Power Supply Current 
I~ les = 2.0mMA = 
ea V—=—15V, Voyt=0 |_ V+ = 5.0V 
Power Dissipation lpg = 2.0mA Vi = +15V 
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pA 


Volts 
| -4.0] | -1.0] 4.0] HA 
|| 012 | 025] | mAs | 


+1/20| +1/2 Step 
+1/10} +1/2 Step 
4.0 2.7; 4.0 i 
-8.8 —6.7 | -8.8 

114 


+ 
—_ 
a 


<\z 
m1o 
Bs) 










1/2 
V2 
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Am6070 


ELECTRICAL CHARACTERISTICS (Cont.) 


TABLE 1 
NOMINAL DECODER OUTPUT CURRENT LEVELS IN nA 


svep| oo | 3 | 2] af} | s | 6)? | 

0 [000 | easo| 24760 7760] 12975 | 36576] wia7s [108778 

|| sao | 287601760] raze | arse | sens [114176 

[2 | 000" v0.20] 2675095760] 19975 | 20775 | sears [117575 

3 [500 [vaso | so7s0 | caso | 47.75 | ama7s | 61676 [129075 
3 






















| 4 | 2.000 | : 

| 5 | 2.600 | 

| 6 | 3.000 | 

| 7 | 3.500 | | 

| 8 | 4.000 | 89.750 
| 9 | 4500 | 17.260 
| 10 | 

fe 

| 12 | 6.000 

| 33 | 
| 4 
| 15 


F000 | 


STEP 
SIZE 


5500, : 3 


TABLE 2 
IDEAL DECODER OUTPUT VALUES EXPRESSED IN dB DOWN FROM FULL SCALE 
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THEORY OF OPERATION 


Functional Description 


The Am6070 is an 8-bit, nonlinear, digital-to-analog conver- 
ter with high impedance current outputs. The output current 
value is proportional to the product of the digital inputs and 
the input reference current. The full scale output current, Irs, 
is specified by the input binary code 111 1111, andis a linear 
function of the reference current, Iperf. There are two operat- 
ing modes, encode and decode, which are controlled by the 
Encode/Decode, (E/D), input signal. A logic 1 applied to the 
E/D input places the Am6072 in the encode mode and current 
will flow into the I9¢,+) or Iogi_) output, depending on the 
state of the Sign Bit (SB) input. A logic 0 at the E/D input 
places the Am6070 in the decode mode. 


The transfer characteristic is a piece-wise linear approxi- 
mation to the Bell System -225 logarithmic law which 
can be written as follows: 


Y = 0.182n (1 + w IX!) sgn (X) 


where: X = analog signal level normalized to unity 
(encoder input or decoder output) 
Y = digital signal level normalized to unity 
(encoder output or decoder input) 
pe = 255 


The current flows from the external circuit into one of four 
possible analog outputs determined by the SB and E/D in- 
puts. The output current transfer function can be represented 
by a total of 16 segments or chords addressable through the 
SB input and three chord select bits. Each chord can be 
further divided into 16 steps, all of the same size. The step 
size changes from one chord to another, with the smallest 
step of 0.5uA found in the first chord near zero output cur- 
rent, and the largest step of 64A found in the last chord near 
full scale output current. This nonlinear feature provides 
exceptional accuracy for small signal levels near zero output 
cufrent. The accuracy for signal amplitudes corresponding 
to chord 0 is equivalent to that of a 12-bit linear, binary D/A 
converter. However, the ratio (in dB) between the chord 


By Bg Bs By Bz 82 B, SB E/D 


Veer (+) 
Am6070 


LIC-246 
IREF = VREF/RREF 
IDEAL VALUES: IReER = 528uA, IFg = 2007.75nA 





POSITIVE FULL SCALE 
(+) ZERO SCALE +1 STEP 
(+) ZERO SCALE 
| (-) ZERO SCALE | 
| (-) ZERO SCALE +1 STEP | 
NEGATIVE FULL SCALE 

















[| =sorv 





Figure 1. Detailed Decoder Connections. 


Am6070 


endpoint current, (Step 15), and the current which corres- 
ponds to the preceding step, (Step 14), is maintained at about 
0.3dB over most of the dynamic range. The difference bet- 
ween the ratios of full scale current to chord endpoint cur- 
rents of adjacent chords is similarly maintained at approxi- 
mately 6dB over most of the dynamic range. Resulting 
signal-to-quantizing distortions due to non-uniform quantiz- 
ing levels maintain an acceptably low value over a 40dB 
range of input speech signals. Note that the 72dB output 
dynamic range for the Am6070 corresponds to the dynamic 
range of a sign plus 12-bit linear, binary D/A converter. 


In order to achieve a smoother transition between adja- 
cent chords, the step size between these chord end points 
is equal to 1.5 times the step size of the lower chord. 
Monotonic operation is guaranteed by the internal device 
design over the entire output dynamic range by specify- 
ing and maintaining the chord end points and step size 
deviations within the allowable limits. 


Operating Modes 


The basic converter function is conversion of digital input 
data into a corresponding analog current signal, i.e., the 
basic function is digital-to-analog decoding. The basic de- 
coder connection for a sign plus 7-bit input configuration is 
shown in Figure 1. The corresponding dynamic range is 
72dB, and input-output characteristics conform to the stan- 
dard decoder transfer function with output current values 
specified in Table 1. The E/D input enables switching bet- 
ween the encode, lo¢(+) Or Iog(_), and the decode, Iop(+) or 
lop(—), Outputs. A typical encode/decode test circuit is shown 
in Figure 2. This circuit is used for output current measure- 
ments. When the E/D input is high, (a logic 1), the converter 
will assume the encode operating mode and the output cur- 
rent will flow into one of the Io¢ outputs (as determined by 
the SB input). When operating in the encode mode as shown 
in Figure 3, an offset current equal to a half step in each chord 
is required to obtain the correct encoder transfer characteris- 
tic. Since the size of this step varies from one chord to 
another, it cannot easily be added externally. As indicated in 
the block diagram this required half step of encode current, 


DEVICE 
UNDER TEST 


Ry = Ra = Rg = Rg = 2.5k2 40.1% 
LIC-247 
LINE SELECTION TABLE 


Figure 2. Output Current DC Test Circuit. 


(Eg1/R4) 
(Eg1/R2) 
(Eg2/R3) 
{Eg2/Ra4) 
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len, is automatically added to the Io¢ output through the 
internal chip design. This additional! current will, for exam- 
ple, make the ideal full scale current in the encode mode 
larger than the same current in the decode mode by 32pA. 
Similarly, the current levels in the first chord near the origin 
will be offset by 0.25uA, which will bring the ideal encode 
current value for step 0 on chord 0 to +0.25,A with respect to 
the corresponding decode current value of 0.0uA. This addi- 
tional encode half step of current can be used for extension 
of the output dynamic range from 72dB to 78dB, when the 
converter is performing only the decode function. The cor- 
responding decoder connection utilizes the E/D input as a 
ninth digital input and has the outputs Iop;+) and Iog,4) and 
the outputs I9p,_) and Ig¢g,_) tied together, respectively. 


When encoding or compression of an analog signal is re- 
quired, the Am6070 can be used together with a Successive 
Approximation Register (SAR), comparator, and additional 
SSI logic elements to perform the A/D data conversion, as 
shown in Figure 3. The encoder transfer function, shown on 
page 1, characterizes this A/D converter system. The first task 
of this system is to determine the polarity of the incoming 
analog signal and to generate a corresponding SB input 
value. When the proper Start, S, and Conversion Complete, 
CC, signal levels are set, the first clock pulse sets the MSB 
output of the SAR, Am2502, to a logic 0 and sets all other 
parallel digital outputs to logic 1 levels. At the same time, the 
flip-flop is triggered, and its output provides the E/D input 
with a logic 0 level. No current flows into the [og outputs. This 
disconnects the converter from the comparator inputs, and 
the incoming analog signal can be compared with the 
ground applied to the opposite comparator input. The result- 
ing comparator output is fed to the Am2502 serial data input, 
D, through an exclusive-or gate. At the same time, the sec- 
ond input to the same exclusive-or gate is held at a logic 0 
level by the additional successive approximation logic 
shown in Figure 3. This exclusive-or gate inverts the com- 
parator’s outputs whenever a negative signal polarity is de- 
tected. This maintains the proper output current coding, i.e., 
all ones for full scale and all zeros for zero scale. 


The second clock pulse changes the E/D input back to a logic 
1 level because the CC signal changed. It also clocks the D 


ANALOG INPUT 
O O 


(GROUNDED FOR 
SINGLE-ENDED [~~~ 
INPUTS) 


= =25k2 


1/4 7486 


1/4 7486 


Figure 3. Detailed Encoder Connections. 
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input signal of the Am2502 to its MSB output, and transfers it 
to the SB input of the Am6070. Depending upon the SB input 
level, current will flow into the Io¢g(+) Or Iog,—_) output of the 
Am6070. 


Nine total clock pulses are required to obtain a digital binary 
representation of the incoming analog signal at the eight 
Am2502 digital outputs. The resulting Am6070 analog out- 
put signal is compared with the analog input signal after 
each of the nine successive clock pulses. The analog signal 
should not be allowed to change its value during the data 
conversion time. In high speed systems, fast changes of the 
analog signals at the A/D system input are usually prevented 
by using sample and hold circuitry. 


Additional Considerations and Recommendations 


In Figure 1, an optional operational amplifier converts the 
Am6070 output current to a bipolar voltage output. When the 
SB input is a logic 1, sink current appears at the amplifier’s 
negative input, and the amplifier acts as a current to voltage 
converter, yielding a positive voltage output. With the SB 
value at a logic 0, sink current appears at the amplifier’s 
positive input. The amplifier behaves as a voltage follower, 
and the true current outputs will swing below ground with 
essentially no change in output current. The SB input steers 
current into the appropriate (+) or (—) output of the Am6070, 
The resulting operational amplifier’s output in Figure 1 
should ideally be symmetrical with resistors R1 and R2 
matched. 


In Figure 2, two operational amplifiers measure the cur- 
rents of each of the four Am6070 analog outputs. Resistor 
tolerances of 0.1% give 0.1% output measurement error 
(approximately 2uA at full scale). The input offset currents 
of the Al and A2 devices also increase output measure- 
ment error and this error is most significant near zero 
scale. The Am101A and 308 devices, for example, may be 
used for A1 and A2 since their maximum offset currents, 
which would add directly to the measurement error, are 
only 10nA and 1nA, respectively. The input offset voltages 
of the A1 and A2 devices, with output resistor values of 


CLOCK START +5.0V 
| O O O 
SERIAL 


DATA 
OUTPUT 


Am2502 pad 
SUCCESSIVE APPROXIMATION 
REGISTER (SAR) 


CONVERSION 
COMPLETE 


PARALLEL 
DATA 
OUTPUT 


RReF (+) 


E/D SB B, By Bz Bg Bg Bg By 18.94k2. 


Vv 
Am6070 REE) 


COMPANDING 
DTOACONVERTER y 
REF (-) 
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2.5kQ,, also contribute to the output measurement error by 
a factor of 400nA for every mV of offset at the Al and A2 
outputs. Therefore, to minimize error, the offset voltages 
of A1 and A2 should be nulled. 


The recommended operating range for the reference cur- 
rent Iper is from 0.1mMA to 1.0mA. The full scale output 
current, Irs, is a linear function of the reference current, 
and may be calculated from the equation Irs = 3.8 Iperf. 
This tight relationship between Iperf and Irs alleviates the 
requirement for trimming the [per current if the Rrer re- 
sistors values are within +1% of the calculated value. 
Lower values of Ipe¢ will reduce the negative power sup- 
ply current, (I—), and will increase the reference amplifier 
negative common mode input voltage range. 


The ideal value for the reference current Iper = Vreg/Rrerg is 
528A. The corresponding ideal full scale decode and en- 
code current values are 2007.75uA and 2039.75yA, respec- 
tively. A percentage change from the ideal Iper value pro- 
duced by changes in Veer Or Rr_er values produces the same 
percentage change in decode and encode output current 
values. The positive voltage supply, V+, may be used, with 
certain precautions, for the positive reference voltage Vr_r. 
In this case, the reference resistor Rrer +) should be split into 
two resistors and their junction bypassed to ground with a 
capacitor of 0.01uF. The total resistor value should provide 
the reference current Ipep = 528A. The resistor Rrer_) 
value should be approximately equal to the Rrer,+) value in 
order to compensate for the errors caused by the reference 
amplifier’s input offset current. 


An alternative to the positive reference voltage applications 
shown in Figures 1, 2 and 3 is the application of a negative 
voltage to the Va;_) terminal through the resistor Rrer(_) 
with the Rrer(+) resistor tied to ground. The advantage of 
this arrangement is the presence of very high impedance at 
the Va:_) terminal while the reference current flows from 
ground through RreF,+) into the Vp,+) terminal. 


ECL CMOS, HTL, NMOS 





(See Notes 2 and 3) 


Figure 4. Interfacing Circuits for ECL, CMOS, HTL, 
and NMOS Logic Inputs. Lic-249 


Notes: 2. Set the voltage ‘‘A” to the desired logic input switching threshold. 
3. Allowable range of logic threshold is typically —5V to +13.5V when operating the companding DAC on +15V supplies. 
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The Am6070 has a wide output voltage compliance suit- 
able for driving a variety of loads. With IRe- = 5284A and 
V-— = -—15V, positive voltage compliance is +18V and 
negative voltage compliance is —5.0V. For other values of 
IRes and V-—, the negative voltage compliance, Voci-), 
may be calculated as follows: — 


Voc-) = (V-) + (2 ¢ Ipeg 2° 1.5kD) + 8.4V. 


The following table contains Voc(—) values for some 
specific V—, Iperf, and Ips values. 


Negative Output Voltage Compliance Voc(_) 


528uA | 1056uA 
(2mA) (4mA) 


The Vic input can accommodate various logic input 
switching threshold voltages allowing the Am6070 to in- 
terface with various logic families. This input should be 
placed at a potential which is 1.4V below the desired logic 
input switching threshold. Two external discrete circuits 
which provide this function for non-TTL driven inputs are 
shown in Figure 4. For TTL-driven logic inputs, the Vic 
input should be grounded. If negative voltages are 
applied at the digital logic inputs, they must have a value 
which is more positive than the sum of the chosen V— 
value and +10V. 





With a V— value chosen between —15V and —11V, the 
Voci—) the input reference common mode voltage range, 
and the logic input negative voltage range are reduced by an 
amount equivalent to the difference between —15V and the 
V— vaiue chosen. 


With a V+ value chosen between +5V and +15V, the refer- 
ence amplifier common mode positive voltage range and the 
Vic input values are reduced by an amount equivalent to the 
difference between +15V and the V+ value chosen. 





OUTPUT VOLTAGE (V) 


“cr jeu | 
10 111.1911 () 


10 1101111 | +5.02 N/A N/A N/A 


[e: 10 000 0000 +10.00 

011111711 | —5.00 +5.00 =10.00 | 
011101111 +0.02 +5.00 ~4.98 
01 000 0000 +5.00 +5.00 0 
00 000 0000 +5.00 +5.00 i) 
001101111 +5.00 +0.02 +4.98 
001111111 | +5.00 | —5.00 _{_+10.00 | 





_INPUT CODE .| —T 
les ais var | eB 


























Figure 5. Resistive Output Connections. LIC-250 
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ADDITIONAL DECODE OUTPUT CURRENT TABLES 


Table 3 
Normalized Decoder Output (Sign Bit Excluded) 


AN Oar WN | OO 


Se 


The normalized decode current, (Ic, s), is calculated using: where Ics is the corresponding normalized current. To ob- 
lo.g = 2(2°(S + 16.5) — 16.5) tain normalized encode current values the corresponding 
where C = chord number; S = step number. The ideal de- normalized half-step value should be added to all entries in 
code current, (lop), in uA is calculated using: Table 3. 
lop = (Ic, s/lz, 15(norm.)) * Irs (HA) 


Table 4 
Normalized Encode Level (Sign Bit Excluded) 


omn aah WN] O 


ee ee ey 
kh WN = © 


a ee eee ee 


lo,g = 2[2° ($+ 17) — 16.5] 


C = chord no. (0 through 7) 
S = step no. (0 through 15) 
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ADDITIONAL DECODE OUTPUT CURRENT TABLES (Cont.) 


Table 5 
Decoder Step Size Summary 


Step Size asa % 
of Reading at 
Chord Endpoints 


Step Size in 
dB at Chord 
Endpoints 


Step Size 
as a % of 
Full Scale 


0.025% 
0.05% 
0.1% 
0.2% 
0.4% 
0.8% 
1.6% 
3.2% 


Step Size 
in LA with 
2007.75uA FS 


Step Size 
Normalized 
to Full Scale 


Table 6 
Decoder Chord Size Summary 


Chord Endpoints 
in pA with 
2007.75uA FS 

7.5 
23.25 
54.75 

117.75 
243.75 
495.75 
999.75 
2007.75 


Chord Endpoints 
as a % of 
Full Scale 


Chord Endpoints 
Normalized to 
Full Scale 
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Resolution & 
Accuracy of 
Equivalent 
Binary DAC 
Sign + 12 Bits 
Sign + 11 Bits 
Sign + 10 Bits 
Sign + 9 Bits 
Sign + 8 Bits 
Sign + 7 Bits 
Sign + 6 Bits 
Sign + 5 Bits 


Chord Endpoints 
in dB Down 
from Full Scale 
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BASIC CIRCUIT CONNECTIONS 


+10V RANGE ENCODER/DECODER 
CONNECTIONS 


© +10V INPUT 


O 
TO A/D 
CONVERSION 


By Bg By By Bz 62 By SB He (+) LoGic 


Vriv) oF 


LIC-251 


LOW INPUT IMPEDANCE CONNECTION 


DIGITAL INPUTS 


IREF = Vin/Rin + VReF/RREF 
lrs~4° IREF 


LIC-253 


LOGARITHMIC DIGITAL GAIN CONTROL 
(Notes 4 & 5) 


ATTENUATION 
= 6dB/CHORD CHANNEL 
= .3dB/STEP SELECT 


+ 


By Bg 8g Bg Bz Bz By SBE/D 44) 


VRi+) 
Am6070 


LIC-255 


Notes: 4, Low distortion outputs are provided over a 72dB range. 


COMPLIANCE EXTENSION 
USING AC COUPLED OUTPUT 


By Bg Bs By Bz By By SB E/D (+) 


i} 
VRi+) OE (-) 
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IDEAL VALUES: 


IREF = 528uA 


Ips = 2007.75nA LIC-252 


HIGH INPUT IMPEDANCE CONNECTION 


DIGITAL INPUTS 


By Bg Bs By Bz Bz By SBE/D (4) 
L} 
VRU) OF (-) 


Am6070 
Vr(-) 


lREF = (VREF — ViIn)/RREF 
lrg ~4¢ IREF 
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REFERENCE AMPLIFIER DYNAMIC TEST CIRCUIT 


FREQUENCY 


RESPONSE 20kn 
TEST 
(Rrep) 
By Bg By Bg Bz Bz By SBE/D (4 


1 
VR) OF (-) 


Am6070 
DISTORTION 
ANALYZER 


THD 


= OUTPUT 


LIC-256 


5. Up to 4 channels of output may be selected by E/D and SB logic inputs. 
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TYPICAL PERFORMANCE CURVES 


Reference Amplifier 


Total Harmonic Distortion Reference Amplifier 
Versus Frequency (80kHz Filter) Reference Amplifier Input Common-Mode Range 
(Notes 6, 7, 8) Input Frequency Response (Note 9) 


+4 
+2 
0 
-2 


3.2 


Ta = Twin t° Tax 
call Alle! 
24 

V— = —15V V+ = +15V 
2.0 


vet Ld hai 
1.2 —— [ 
0.8 (a IREF = 0.25mA 
INPUT +5V PEAK 5V PEAK 1] 0.4 
(50% MODULATION) (50% MODULATION) 
0 


10 100 1.0k 10k 100k 100 1k 10k =: 100k 1M 10M -14 -10 -6 -2 2 6 10 14 18 












TTT 

SMALL SIGNAL 
100mV PEAK 
MODULATION) 
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o 

OUTPUT CURRENT — mA 


LARGE SIGNAL 
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FREQUENCY — Hz FREQUENCY — Hz REFERENCE COMMON-MODE VOLTAGE 
AT Var PIN —- V 





Output Current Versus 





























































































































Power Supply Currents Power Supply Currents Output Voltage 
Versus Power Supply Voltages Versus Temperature (Output Voltage Compliance) 
8.0 8.0 
< anes 
a oa ee 
| eel EEL LL < 
E a ERR 
ro = 5.0 2 
eT fesreme [TTT] 
= oS 40 Ca 
oe ER 3 
a ~~ Oo 
. 7 a et ri 5 
2 cee ea a : eR 
= Ps ° (ES 2 Geet ee 
5 S 1.0 ALL BITS “HIGH” OR “LOW” hh 
ee V+ = +15V, V—= —15V 
0 0 0 
0 2.0 4.0 6.08.0 10 12 14 16 18 20 -75-50 0 50 100 150 14-10 -6 2 2 6 10 14 18 
POSITIVE OR NEGATIVE POWER SUPPLY — V TEMPERATURE —°C OUTPUT VOLTAGE —V 
Logic Input Current 
Versus Input Voltage 
Bit Transfer Characteristics and Logic Input Range Output Full Scale Current 
(Note 10) (Note 11) Versus Reference Input Current 
<x 
E 
i Ta = Tin t Tmax 
q z ALL BITS “HIGH” 
< t : 
E i 5 
I 2 ma 
ie 
é . M 
2 ; 
5 2 a 
= 2 50 3 
> oO : 2 
3 8 WL E 
a bE 
HOREAES BEE 2 
Q 5 
-12 -8 -4 0 4 8 12 16 ro) 
LOGIC INPUT VOLTAGE — V LOGIC INPUT VOLTAGE — V REFERENCE CURRENT, Ipeg — mA viesey 


. THD is nearly independent of the logic input code. 

- Similar results are obtained for a high input impedance connection using VR(—) as an input. 

. Increased distortion above 50kHz is due to a slew rate limiting effect which determines the large signal bandwidth. For an input of +2.5V peak (25% | 
modulation), the bandwidth is 100kHz. 


. Positive common mode range is always (V+) —1.5V. 

. All bits are fully switched with less than a half step error at switching points which are guaranteed to lie between 0.8V and 2.0V over.the operating 
temperature range. 

. The logic input voltage range is independent of the positive power supply and logic inputs may swing above the supply. 
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APPLICATIONS 


The companding D/A converter is particularly suited for ap- 
plications requiring a wide dynamic range. 


Systems requiring fine control resulting in a constant rate of 
change or set point controls are economically achieved 
using these devices. 


Instrumentation, Control and yu-Processor based applica- 
tions include: 

Digital data recording 

PCM telemetry systems 

Servo systems 

Function generation 

Data acquisition systems 


Telecommunications applications include: 


PCM Codec telephone systems 
Intercom systems 

Military voice communication systems 
Radar systems 

Voice Encryption 


Audio Applications: 
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Recording 
Multiplexing of analog signals 
Voice synthesis 
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SERIAL DATA TRANSCEIVING CONVERTER 
(1/2 OF SYSTEM SHOWN) 


SEND/RECEIVE O 
TRANSMIT INPUT COMMAND 
25V ANALOG IN “HIGH = SEND 
e, Oo LOW = RECEIVE 


+18V 
O 


TIME SHARED 
22 BIDIRECTIONAL 
— ZERO © SERIAL DATA 
26 ADJUST —— bus 
2 
GROUND FOR 
NON-DIFFERENTIAL 
INPUTS 


Am2502 
(SAR) 
SUCCESSIVE 
APPROXIMATION 
REGISTER 





DIFFERENTIAL 
ANALOG 
CURRENT 
OUTPUT 


RECEIVE OUTPUT 


LIC-258 


Notes: . The SAR is used as a serial-in/parallel out register in the re- 


1. Complementary send/receive commands are required for the ceive mode.__ . 
two ends. . CLOCK and START may be connected in parallel at both ends. 


2. START must be held low for one clock cycle to begin a send . Conversion is completed in 9 clock cycles. 
or receive cycle. . Receive output is available for one full clock cycle. 


Metallization and Pad Layout 











80 X 114 Mils 
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Am6071 


Companding D-to-A Converter for Control Systems 





Distinctive Characteristics 


® Tested to A-law tracking specification 
e Absolute accuracy specified — includes all errors over 


Output dynamic range of 62 dB 
Microprocessor controlled operations 
Multiplying operation 


temperature range 
®@ Settling time 300ns typical 


Negligible output noise 
Monotonicity guaranteed over entire dynamic range 


@ Ideal for multiplexed PCM, audio, and 8-bit u-P 
systems 


Wide output voltage compliance 
Low power consumption 


GENERAL DESCRIPTION 


The Am6071 is a monolithic 8-bit, companding digital-to- 
analog (D/A) converter with true current outputs and large 
output voltage compliance for fast driving a variety of loads. 
The transfer function of the Am6071 consists of 13 linear 
segments or chords. A particular chord is identified with the 
sign bit input, (SB) and three chord select input bits. Each 
chord contains 16 uniformly spaced linear steps which are 
determined by four step select input bits. The resulting 
dynamic range achieved with this format is 62 dB. Accuracy 


FUNCTIONAL BLOCK DIAGRAM 


CHORD BITS 
By Bg By 
O 


STEP BITS 
By Bs Bg By 
Oo © O O 


STEP 
SELECTOR 


SELECTOR 


CHORD AND 
PEDESTAL 
SOURCES 


and monotonicity are assured by the internal circuit design 
and are guaranteed over the full temperature range. The 
Am6071 is tested to the A-law tracking specification. Applica- 
tions for the Am6071 include digital audio recording, servo 
motor controls, electro-mechanical positioning, voice 
synthesis, secure communications, microprocessor con- 
trolled sound and voice systems, log sweep generators, and 
various data acquisition systems. 


CONNECTION DIAGRAM 


Am6072 


ENCODE/DECODE SELECT: 1= ENCODE 1[ | E/O e 


SIGN BIT INPUT: 1 = POSITIVE 

MOST SIGNIFICANT CHORD BIT INPUT 
SECOND CHORD BIT INPUT 

LEAST SIGNIFICANT CHORD BIT INPUT 
MOST SIGNIFICANT STEP BIT INPUT 
SECOND STEP BIT INPUT 

THIRD STEP BIT INPUT 


LEAST SIGNIFICANT STEP BIT INPUT 


POSITIVE POWER SUPPLY 
lop(_) |_] 17 DECODER OUT: E/D sB = 00 
lopi+) [_] 16 DECODER OUT: E/D sB = 01 
\og(-) [_] 15 ENCODER OUT: E/D SB =10 
logis) |] 14 ENCODER OUT: E/D SB = 11 
NEGATIVE POWER SUPPLY 
NEGATIVE REFERENCE INPUT 
POSITIVE REFERENCE INPUT 


THRESHOLD CONTROL 


Top View 


Pin 1 is marked for orientation. 
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SIMPLIFIED CONVERSION TRANSFER FUNCTIONS 


Decoder 
Characteristic 


ANALOG 
OUTPUT (+) 


DIGITAL 
INPUT (-) 


DIGITAL 
INPUT (+) 


ANALOG 


OUTPUTI{-) LIC-261 
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Encoder 
Characteristic 


DIGITAL 
OUTPUT (+) 


ANALOG 
INPUT (—) 


ANALOG 
INPUT (+) 


DIGITAL 
OUTPUT{-} 
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MAXIMUM RATINGS above which useful life may be impaired 

V+ Supply to V— Supply 36V | Operating Temperature 

Vic Swing V— plus 8V to V+ MIL Grade —55°C to +125°C 
Output Voltage Swing V—plus 8V to V— plus 36V COM’L Grade 0°C to +70°C 
Reference Inputs V—to V+ | Storage Temperature —65°C to +150°C 
Reference Input Differential Voltage +18V | Power Dissipation Ta < 100°C 500mW 
Reference Input Current 7 . 1.25mA For Ta > 100°C derate at 10mw/C 
Logic Inputs V— plus 8V to Ve plus 36V | Lead Soldering Temperature 300°C (60 sec) 























GUARANTEED FUNCTIONAL SPECIFICATIONS 











For both groups of 128 steps and over full operating temperature range 
Dynamic Range 62dB, (20 log (17, 15/to, 1)) 


ELECTRICAL CHARACTERISTICS 








These specifications apply for V+ = +15V, V— = —15V, IReg = 512A, 0°C < Tg < +70°C, for the commercial grade, —55°C < Ty <= 

+125C, for the military grade, and for all 4 outputs unless otherwise specified. Am6071ADM Am6071DM 
Am6071ADC Am6071DC 

Parameter Description Test Conditions Min. Fyp. Max. Min. Typ. Max. Units 


















To within +1/2 step at Ta = 25°C 
output switched from 


Izg to les 











pe | Settling Time 


lFs(D) 
IFS(E) 


Full Scale Current Deviation 
From Ideal 
= Output Current Error 
Step 
O(+)~ 'O(-) Step 
Error referred to nominal values 
in Table 1 


Additional output 
Measured at selected output 
Zero Scale Current with 000 0000 input 1/40 mC 1/20 1/2 Step 


a Full Scale Drift Operating temperature range Hee 


Output Voltage Compliance Full scale current change —5.0 +18 Volts 
=<1/2 step 
Output leakage 

Disepie eu nent Output disabled by E/D and SB 


Logic “0” 
Logic “1” 
ae Logic Input Current Vin = —5.0V to +18V | | 





Guaranteed by output 
current error specified 
below. 























Vrer = 10.000V 
Rrer+ = 19.53k 

Rrer— = 20k 

—5.0V < Voyt = +18V 

Error referred to nominal values 
in Table 1. 
Vrer = 10.000V 
Rrer— = 19.53k 
Rrer = 20k 


-5.0V < Vout = +18V 


























Full Scale Symmetry Error 

































Logic Input Swing V—- = -15V 
Reference InputSiew Rate | ——SSSSSSCS~S~S 


Power Supply Sensitivity 
Over Supply Range (Refer 
to Characteristic Curves) 


< 
oO 
ind 
n 











V+ = 4.5 to 18V, V—- = —16V 
V- = -—10.8 to —18V, V+ = 15V 


V+ = +5.0 to +15V, V— = —15V 2.7 4.0 2.7 4.0 rath 
leg = 2.0mMA -6.7 | -8.8 -6.7| -8.8 
ae 










Power Supply Current 












V—=—15V, Voy =0 | V+ = 5.0V 
V+ = +15V 
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Power Dissipation lpg = 2.0mA 
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ELECTRICAL CHARACTERISTICS (Cont.) 


TABLE | 
NOMINAL DECODER OUTPUT CURRENT LEVELS IN pA 


STEP 


ae sa es ae ee 
0 [00 | v6s00 | sa000 | 6000 | 18200 | 76000 | s2@.00 | 105800 
TF s00— [7.500 | 35.000 | 70.000 | 140.00 | 260.00 | 560.00 | 1720.00 
22500” | “ta.500 | 27.0007 | 74.000 | 148.00 | 706.00 | 592.00 | 119400 
3 [7 300 [19500 39.000” | 7.000 | 186.00 | 372.00 | ~624.00_| 1248.0 

4800 | 20.800 | 47.000” | @2.000 | 168.00 | 376.00 | 656.00 | 
[6 [ 6500” | 22.500” | 48.000 [90.000 | 180.00 | 360.00 | 720.00 | 440.00 
7 1508.00 

aso0~| 24.500” | 49.000 | 98.00 | 196.00 | 992.00 | 784.00 | 1660.00 

3500” |_ 2500 | 1.000 | 702.000 | 204.00 | 408.00 | _616.00_| 
772.500 


1760.00 


[137 [73.500 [28.500 | “59.000 | 118.000 | 236.00 | 472.00 | 944.00 | 1098.00 | 
[14 [14500 |~30.800[ 61.000 | 122.000 | 244.00 | 486.00 | _976.00_| 1952.00 
15.500 [31.500_| 63.000 | 126000 | 252.00 | 504.00 | 1008.00 | 2016.00 


STEP 


TABLE 2 
IDEAL DECODER OUTPUT VALUES EXPRESSED IN dB DOWN FROM OVERLOAD LEVEL (+ 3dBmo) 


OOANOOAWN — CO 
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THEORY OF OPERATION 


Functional Description 


The Am6071 is an 8-bit, nonlinear, digital-to-analog conver- 
ter with high impedance current outputs. The output current 
value is proportional to the product of the digital inputs and 
the input reference current. The full scale output current, Irs, 
is specified by the input binary code 111 1111, and is a linear 
function of the reference current, Ipe. There are two operat- 
ing modes, encode and decode, which are controlled by the 
Encode/Decode, (E/D), input signal. A logic 1 applied to the 
E/D input places the Am6073 in the encode mode and current 
will flow into the Io¢(+) or log;_) output, depending on the 
state of the Sign Bit (SB) input. A logic 0 at the E/D input 
places the Am6073 in the decode mode. 


The transfer characteristic is a piece-wise linear approxima- 
tion to the CCITT A-87.6 logarithmic law which can be written 
as follows: 


Y = 0.18 (1 + In (A [X| )) sgn (X), ie < |x| < 
Y = 0.18 (A |X|) sgn (X), < |X| < vk 


where: X = analog signal level! normalized to unity 
(encoder input or decoder output) 
Y = digital signa! level normalized to unity 
(encoder output or decoder input) 
A = 87.6 


The current flows from the external circuit into one of four 
possible analog outputs determined by the SB and E/D in- 
puts. The output current transfer function can be represented 
by a total of 16 segments or chords addressable through the 
SB input and three chord select bits. The two chords closest 
to the origin of the transfer function, chord 0 and chord 1, are 
made colinear and contiguous. The beginning of chord 0, 
specified by the input binary code 000 0000, is offset by 
+0.5.A. Each chord can be further divided into 16 steps, all 
of the same size. The step size changes from one chord to 
another, with the smallest step of 1.0.A found in the first two 
chords near zero output current, and the largest step of 64nA 
found in the last chord near full scale output current. This 
nonlinear feature provides exceptional accuracy for small 
signal levels. The accuracy for signal amplitudes corres- 


OP-AMP 


LIC-262 
(REF = VREF/RREF 
IDEAL VALUES: Ipner =512nA, Ips = 2016HA 





pomermene te feta titi ta ete 5040v 
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(+) ZERO SCALE 
(=) ZERO SCALE 

(-) ZERO SCALE +1 STEP | 
NEGATIVE FULL SCALE 


0.0012V 


0 Ts 0 —0,0012V 
ae eee 
ssbirsesttese 


Figure 1. Detailed Decoder Connections. 
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ponding to chords 0 and 1 is very close to that of an 11-bit 
linear, binary D/A converter. The ratio (in dB) between the 
chord endpoint current, (Step 15), and the current which 
corresponds to the preceding step, (Step 14), is maintained 
at about 0.3dB over the entire dynamic range, with the excep- 
tion of chord 0. The difference between the ratios of full scale 
current to chord endpoint currents of adjacent chords is 
similarly maintained at 6dB over the entire dynamic range. 
Resulting signal-to-quantizing distortions due to non- 
uniform quantizing levels maintain an acceptably low value 
over a 40dB range of input speech signals. Note that the 62dB 
output dynamic range for the Am6071 is very close to the 
dynamic range of a sign plus 11-bit linear, binary D/A conver- 
ter. 


In order to achieve a smoother transition between adjacent 
chords, the step size between these chord end points is equal 
to 1.5 times the step size of the lower chord. Note that this 
does not apply to chord 0 and chord 1 where adjacent end 
points differ by only one step, because these two chords are 
colinear and have the same step sizes. Monotonic operation 
is guaranteed by the internal device design over the entire 
output dynamic range by specifying and maintaining the 
chord end points and step size deviations within the allow- 
able limits. 


Operating Modes 


The basic converter function is conversion of digital input 
data into a corresponding analog current signal, i.e., the 
basic function is digital-to-analog decoding. The basic de- 
coder connection for a sign plus 7-bit input configuration is 
shown in Figure 1. The corresponding dynamic range is 
62dB, and input-output characteristics conform to the stan- 
dard decoder transfer function with output current values 
specified in Table 1. The E/D input enables switching be- 
tween the encode, Io¢(+) Or Iog_), and the decode, lop (+) or 
lop(—), Outputs. A typical encode/decode test circuit is shown 
in Figure 2. This circuit is used for output current measure- 
ments. When the E/D input is high, (a logic 1), the converter 
will assume the encode operating mode and the output cur- 
rent will flow into one of the log outputs (as determined by 
the SB input). When operating in the encode mode as shown 


DIGITAL INPUTS 


DEVICE 
UNDER TEST 


Ry =R2 =R3 = R4 =2.5k2 20.1% LIC-263 


LINE SELECTION TABLE 


TEST =, OUTPUT 
GROUP E/D MEASUREMENT 


Fea an 


{Eg3/R2) 
(Eg2/R3) 
Figure 2. Output Current DC Test Circuit. 
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in Figure 3, an offset current equal to a half step in each chord 
is required to obtain the correct encoder transfer characteris- 
tic. Since the size of this step varies from one chord to 
another, it cannot easily be added externally. As indicated in 
the block diagram this required half step of encode current, 
len, is automatically added to the Io¢ output through the 
internal chip design. This additional current will, for exam- 
ple, make the ideal full scale current in the encode mode 
larger than the same current in the decode mode by 32pA. 
Similarly, the current levels in the first chord near the origin 
will be offset by 0.54A, which will bring the ideal encode 
current value for step 0 on chord 0 to 1.04A with respect to 
the corresponding decode current value of 0.5uA. This addi- 
, tional encode half step of current can be used for extension 
of the output dynamic range from 62dB to 66dB, when the 
converter is performing only the decode function. The cor- 
responding decoder connection utilizes the E/D input as a 
ninth digital input and has the outputs Iop(4) and log;+) and 
the outputs lop;_) and Iog:_) tied together, respectively. 


When encoding or compression of an analog signal is re- 
quired, the Am6071 can be used together with a Successive 
Approximation Register (SAR), comparator, and additional 
SSI logic elements to perform the A/D data conversion, as 
shown in Figure 3. The encoder transfer function, shown on 
page 1, characterizes this A/D converter system. The first task 
of this system is to determine the polarity of the incoming 
analog signal and to generate a corresponding SB input 
value. When the proper START, (S), and CONVERSION COM- 
PLETE, (CC), signal! levels are set, the first clock pulse sets 
the MSB output of the SAR, Am2502, to a logic 0 and sets all 
other parallel digital outputs to logic 1 levels. At the same 
time, the flip-flop is triggered, and its output provides the E/D 
input with a logic 0 level. No current flows into the lo¢ out- 
puts. This disconnects the converter from the comparator 
inputs, and the incoming analog signal can be compared 
with the ground applied to the opposite comparator input. 
The resulting comparator output is fed to the Am2502 serial 
data input, D, through an exclusive-or gate. Atthe same time, 
the second input to the same exclusive-or gate is held at a 
logic 0 level by the additional successive approximation 
logic shown in Figure 3. This exclusive-or gate inverts the 
comparator’s outputs whenever a negative signal polarity is 
detected. This maintains the proper output current coding, 
i.e., all ones for full scale and all zeros for zero scale. 


ANALOG INPUT 


{GROUNDED FOR 
SINGLE-ENDED [— ~~ 
INPUTS) 


z= 25k2 


1/4 7486 


1/4 7486 


Figure 3. Detailed Encoder Connections. 


The second clock pulse changes the E/D input back to a logic 
1 level because the CC signal changed. It also clocks the D 
input signal of the Am2502 to its MSB output, and transfers it 
to the SB input of the Am6071. Depending upon the SB input 
level, current will flow into the Iog(+) or Iog;—) output of the 
Am6071. 


Nine clock pulses are required to obtain a digital binary 
representation of the incoming analog signal at the eight 
Am2502 digital outputs. The resulting Am6071 analog out- 
put signal is compared with the analog input signal after 
each of the nine successive clock pulses. The analog signal 
should not be allowed to change its value during the data 
conversion time. In high speed systems, fast changes of the 
analog signals at the A/D system input are usually prevented 
by using sample and hold circuitry. 


Additional Considerations and Recommendations 


In Figure 1, an optional operational amplifier converts the 
Am6071 output current to a bipolar voltage output. When the 
SB input is a logic 1, sink current appears at the amplifier’s 
negative input, and the amplifier acts as a current to voltage 
converter, yielding a positive voltage output. With the SB 
value at a logic 0, sink current appears at the amplifier’s 
positive input. The amplifier behaves as a voltage follower, 
and the true current outputs will swing below ground with 
essentially no change in output current. The SB input steers 
current into the appropriate (+) or (—) output of the Am6071. 
The resulting operationa! amplifier’s output in Figure 1 
should ideally be symmetrical with resistors R1 and R2 
matched. 


In Figure 2, two operational amplifiers measure the currents 
of each of the four Am6071 analog outputs. Resistor toler- 
ances of 0.1% give 0.1% output measurement error (approx- 
imately 2A at full scale). The input offset currents of the A1 
and A2 devices also increase output measurement error and 
this error is most significant near zero scale. The Am101A 
and 308 devices, for example, may be used for A1 and A2 
since their maximum offset currents, which would add di- 
rectly to the measurement error, are only 10nA and 1nA 
respectively. The input offset voltages of the A1 and A2 
devices, with output resistor values of 2.5kQ, also contribute 
to the output measurement error by a factor of 400nA for 


START +5.0V 


Am2502 


SUCCESSIVE APPROXIMATION 
REGISTER (SAR) 


CONVERSION 
COMPLETE 


PARALLEL 
DATA 
OUTPUT 


€/D SB B, Bz Bz By By Bg By 
Am6071 VRt) 


COMPANDING 
DTOA CONVERTER 


-15V 
LIC-264 





every mV of offset. Therefore, to minimize error, the offset 
voltages of A1 and A2 should be nulled. 


The recommended operating range for the reference current 
lneg is from 0.1mA to 1.0mA. The full scale output current, 
l¢s, is a linear function of the reference current, and may be 
calculated from the equation Ips = 3.94 Ip_er. This tight re- 
lationship between Iper and Irs alleviates the requirement 
for trimming the [per current if the Rrer resistor values 
are within +1% of the calculated value. Lower values of 
IneF Will reduce the negative power supply current, (I—), 
and will increase the reference amplifier negative com- 
mon mode input voltage range. 


The ideal value for the reference current per = Vrer/Rrer is 
512uA. The corresponding ideal full scale decode and en- 
code current values are 2016uA and 2048A, respectively. A 
percentage change from the ideal lager value produced by 
changes in Vpe_er or Rrerg values produces the same percen- 
tage change in decode and encode output current values. 
The positive voltage supply, V+, may be used, with certain 
precautions, for the positive reference voltage Vpe_r. In this 
case, the reference resistor Rrer+) should be split into two 
resistors and their junction bypassed to ground with a 
capacitor of 0.014F. The total resistor value should provide 
the reference current Inge = 512A. The resistor Rreri—) 
value should be approximately equal to the Rrer+) value in 
order to compensate for the errors caused by the reference 
amplifier’s input offset current. 


An alternative to the positive reference voltage applications 
shown in Figures 1, 2 and 3 is the application of a negative 
voltage to the Vai_) terminal through the resistor Reef) 
with the Rrer+) resistor tied to ground. The advantage of 
this arrangement is the presence of very high impedance at 
the Va_) terminal while the reference current flows from 
ground through Rrer+) into the V_i+) terminal. 


The Am6071 has a wide output voltage compliance suitable 
for driving a variety of loads. With Ipeg = 5124A and V— = 
—15V, positive voltage compliance is +18V and negative 


CMOS, HTL, NMOS 


TO PIN 10 
Vic 


R 
(400A 4} 


LIC-265 


(See Notes 2 and 3) 


Figure 4. Interfacing Circuits for ECL, CMOS, HTL, 
and NMOS Logic Inputs. 
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voltage compliance is —5.0V. For other values of Iper and 
V—, the negative voltage compliance, Voc;-), may be calcu- 
lated as follows: 

Voc(-) = (V-) + 2(IREFe 1.55kQ) + 8.4V, 
where 1.55kQ and 8.4V are equivalent worst case values for 
the Am6071. 


The following table contains Voc;_) values for some specific 
V-, Irner, and Ig values. 


Negative Output Voltage Compliance Voci-) 


The Vic input can accommodate various logic input switch- 
ing threshold voltages allowing the Am6071 to interface with 
various logic families. This input should be placed at a poten- 
tial which is 1.4V below the desired logic input switching 
threshold. Two external discrete circuits which provide this 
function for non-TTL driven inputs are shown in Figure 4. For 
TTL-driven logic inputs, the Vic input should be grounded. If 
negative voltages are applied at the digital logic inputs, they 
must have a value which is more positive than the sum ofthe 
chosen V— value and +10V. 


With a V— value chosen between —15V and ~—11V, the 
Voci-), the input reference common mode voltage range, 
and the logic input negative voltage range are reduced by an 
amount equivalent to the difference between —15V and the 
V— value chosen. 


With a V+ value chosen between +5V and +15V, the refer- 
ence amplifier common mode positive voltage range and the 
Vic input values are reduced by an amount equivalent to the 
difference between +15V and the V+ value chosen. j 


OIGITAL INPUTS 


+5.0V 
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_INPUT CODE 
(E/D, SB, By,..., 


10 1111171 
10 110 1111 
10 000 0000 


011111111 
011101111 
01 000 0000 
00 000 0000 
00 110 1111 
OO 111 1111 











Figure 5. Resistive Output Connections. 
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ADDITIONAL DECODE OUTPUT CURRENT TABLES 


Table 3 
Normalized Decoder Output (Sign Bit Excluded) 


STEP (S) 


WOANANARWNH—O 


csmrsee [a fa fp fe) ee | | 


The normalized decode current, (I¢,s), where C is chord number and S is step number, is calculated 
using: Ios = 2°(S + 16.5) for C > 1, and Ic,5 = 2S + 1 for C = 0. The ideal decode current, (Igp), in nA is 
calculated using: lop = (Ic,s/l7,15(norm.))*!rs(uA), where Ic,s is the corresponding normalized current. 


Table 4 
Normalized Encoder Output (Sign Bit Excluded) 


STEP (S) 


WOON AOAWNH—O 
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ADDITIONAL DECODE OUTPUT CURRENT TABLES (Cont.) 


Table 5 
Decoder Step Size Summary 


Step Size 
in dB at 
Chord 
Endpoints 


Step Size Step Size 
Normalized as a % of 
to Full Scale | 2016A F. S.| Full Scale 


Step Size 


Table 6 
Decoder Chord Size Summary 


Chord Endpoints 
Normalized 
to Full Scale 


Chord Endpoints 
in 2A with 
2016A F. S. 
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Chord Endpoints 
asa % 
of Full Scale 


Step Size as Resolution 

a % of Reading | & Accuracy 
at Chord of Equivalent 

Endpoints Binary DAC 


Sign + 11 Bits 
Sign + 11 Bits 
Sign + 10 Bits 
Sign + 9 Bits 
Sign + 8 Bits 
Sign + 7 Bits 
Sign + 6 Bits 
Sign + 5 Bits 


Chord Endpoints 
in dB Down 
from Full Scale 
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BASIC CIRCUIT CONNECTIONS 


+10V RANGE ENCODER/DECODER COMPLIANCE EXTENSION 
CONNECTIONS USING AC COUPLED OUTPUT 


*10V INPUT 


DIGITAL INPUTS 
5.0k2 
TO A/D 
CONVERSION 


Vriv) 
Am6071 
VRi-) 


OUTPUT 


IDEAL VALUES: 
Inef= 512HA 
LIC-267 Irs = 2016HA LIC-268 


LOW INPUT IMPEDANCE CONNECTION HIGH INPUT IMPEDANCE CONNECTION 


DIGITAL INPUTS: DIGITAL INPUTS 


By Bg Bs Bg Bz 82 By SBE/D (4) 
Vat+) 


IREF = Vin/RIN + VREF/RREEF IREF = (VRer — ViN)/RREF 
Irs ~ 4° IREF lpg ~4¢ IREF 


LIC-269 


LOGARITHMIC DIGITAL GAIN CONTROL REFERENCE AMPLIFIER DYNAMIC TEST CIRCUIT 
(Notes 4 & 5) 


ATTENUATION 
=6dB/CHORD CHANNEL 


= 3dB/STEP SELECT FREQUENCY 


RESPONSE 2 
a a Eee 
By Bg Bs Bg Bg Bz By SBE/D (4) 


“ VRi+) ‘OE (4 
B7 Bg Bs By 83 Bz By SBE/D (4) : Am6071 
‘or DISTORTION 
{-) 


Vi ANALYZER 


Am6071 


V+ 


LIC-271 LIC-272 


Notes: 4. Low distortion outputs are provided over a 72dB range. 
5. Up to 4 channels of output may be selected by E/D and SB logic inputs. 
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TOTAL HARMONIC DISTORTION — % 
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OUTPUT CURRENT — mA 


. THD is nearly independent of the logic input code. 
- Similar results are obtained for a high input impedance connection using Vp(_) as an input. 


Reference Amplifier 
Total Harmonic Distortion 
Versus Frequency (80kHz Filter) 
(Notes 6, 7, 8) 


1.0 
HON 
aun 


DR FD Oe 
ae See Note 8 
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Power Supply Currents 
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Bit Transfer Characteristics 
(Note 10) 
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LOGIC INPUT VOLTAGE — V 





TYPICAL PERFORMANCE CURVES 


POWER SUPPLY CURRENT — mA RELATIVE OUTPUT — dB 


LOGIC INPUT CURRENT — vA 


Reference Amplifier 


Input Frequency Response 
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100mV PEAK 
{1% MODULATION} 














LARGE SIGNAL 
(SLEW RATE LIMITED) 
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{50% MODULATION) 
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Power Supply Currents 
Versus Temperature 
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TEMPERATURE — °C 


Logic Input Current 
Versus Input Voltage 
and Logic Input Range 
(Note 11) 





LOGIC INPUT VOLTAGE —V 


OUTPUT CURRENT — mA 


OUTPUT CURRENT — mA 


OUTPUT FULL SCALE CURRENT, Ipg — mA 
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Reference Amplifier 
Input Common-Mode Range 
(Note 9) 


3.2 

Tp = Twin t© Tmax 
ae 
2.4 z 


V— = -—15V V+t=+15V 
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REFERENCE COMMON-MODE VOLTAGE 
AT Vref PIN- V 


Output Current Versus 
Output Voltage 
(Output Voltage Compliance) 
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sel | LT [rer = toma | 
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OUTPUT VOLTAGE —V 


Output Full Scale Current 
‘Versus Reference Input Current 


5.0 
Tp = Twin t© Tmax ana (ae 
y 


ALL BITS “HIGH” 














REFERENCE CURRENT, IREF — mA LIC-273 


. Increased distortion above 50kHz is due to a slew rate limiting effect which determines the large signal bandwidth. For an input of +2.5V peak (25% 


. Positive common mode range is always (V+) —1.5V. 


modulation), the bandwidth is 100kHz. 


. All bits are fully switched with less than a half step error at switching points which are guaranteed to lie between 0.8V and 2.0V over the operating 


temperature range. 


. The logic input voltage range is independent of the positive power supply and logic inputs may swing above the supply. 
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APPLICATIONS 


The companding D/A converter is particularly suited for ap- Telecommunications applications include: 
plications requiring a.wide dynamic range. PCM Codec telephone systems 


Systems requiring fine control resulting in a constant rate of oan systems a 
change or set point controls are economically achieved ilitary voice communication systems 


using these devices. Radar systems 
. Voice Encryption 
Instrumentation, Control and u-Processor based applica- 


tions include: 
Digital data recording 
PCM telemetry systems Audio Applications: 
Servo systems Recording 
Function generation Multiplexing of analog signals 
Data acquisition systems Voice synthesis 


Other companding converters offered by Advanced Micro Devices: 


If particular interest lies in a companding D/A converter 
operating to the D3 compandor tracking specification and 
meeting the Bell System »-255 companding law, see the 
Am6072 data. sheet. 


For a CCITT unit having an A-law characteristic see the 
Am6073 data sheet. 


p-law applications other than telecommunications systems 
are described in the Am6070 data sheet. 
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SERIAL DATA TRANSCEIVING CONVERTER 
(1/2 OF SYSTEM SHOWN) 


SEND/RECEIVE O 
TRANSMIT INPUT COMMAND 


25V ANALOG IN “HIGH = SEND 
o e) LOW = RECEIVE 


TIME SHARED 
ccc © BIDIRECTIONAL 


SERIAL DATA 
=e oe 


7 kQ 
GROUND FOR 
NON-DIFFERENTIAL 

INPUTS 


Am2502 
(SAR) 
SUCCESSIVE 
APPROXIMATION 
REGISTER 





E/D SB B1 B2 B3 B4 B& BE B7 
loet+) 


Vrer(+) 


= Am6071 
DIFFERENTIAL 6 
ANALOG 


Vrerl-} 
CURRENT © 
OUTPUT 


RECEIVE OUTPUT 


LIC-274 


Notes: 3. The SAR is used as a serial-in/parallel out register in the re- 
1. Complementary send/receive commands are required for the ceive mode. 

two ends. 4. CLOCK and START may be connected in parallel at both ends. 
2. START must be held low for one clock cycle to begin a send 5. Conversion is completed in 9 clock cycles. 

or receive cycle. 6. Receive output is available for one full clock cycle. 


Metallization and Pad Layout 














80 X 114 Mils 
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Companding D-to-A Converter for PCM Communication Systems 


PRELIMINARY INFORMATION 


Distinctive Characteristics 


Tested to D3 compandor tracking specification 
Absolute accuracy specified — includes all errors over 
temperature range 

Settling time 300ns typical 

Ideal for multiplexed PCM systems 

Output dynamic range of 72 dB 


Improved pin-for-pin replacement for DAC-86 
Microprocessor controlled operations 
Multiplying operation 

Negligible output noise 

Monotonicity guaranteed over entire dynamic range 
Wide output voltage compliance 
Low power consumption 


GENERAL DESCRIPTION 


The Am6072 is a monolithic 8-bit, companding digital-to- 
analog (D/A): data converter with true current outputs and 
large output voltage compliance for fast driving a variety of 
loads. The transfer function of the Am6072 complies with the 
Bell System u-255 companding law,. Y = 0.18 In (1 + ux), and 
consists of 15 linear segments or chords. A particular chord is 
identified with the sign bit input, (SB), and three chord select 
input bits. Each chord contains 16 uniformly spaced linear 
steps which are determined by four step select input bits. The 
resulting dynamic range achieved with this 8-bit format is 
72dB. Accuracy and monoticity are assured by the internal 
circuit design and are guaranteed over the full temperatuse 


FUNCTIONAL BLOCK DIAGRAM 


CHORD BITS STEP BITS 


By B82 Bg 


10F8 
CHORD DECODER 


By Bs Bg By 
@ O O O 


SELECTOR 


CHORD AND 
PEDESTAL 
SOURCES 


ORDERING INFORMATION 


Am6072DM | —55°C to +125°C | Conforms to D3 Spec. 
Am6072DC 0°C to +70°C Conforms to D3 Spec. 


range. The Am6072 is tested to the Bell D3 channel bank com- 
pandor tracking specification for pulse code modulation 
(PCM) transmission systems. The application of the Am6072 
in communication systems provides an increased signal-to- 
noise ratio, reduces system signal distortion, and stimulates 
wider usage of computerized channel switching. Other appli- 
cation areas include digital audio recording, voice synthesis, 
and secure communications. When used in PCM communica- 
tion systems, the Am6072 functions as a complete PCM de- 
coder with additional encoding capabilities which make it ideal 
for implementation in CODEC circuits. 


CONNECTION DIAGRAM 
Am6072 


POSITIVE POWER SUPPLY 
DECODER OUT: E/D $B = 00 
DECODER OUT: E/D SB =01 
ENCODER OUT: E/D SB «10 
ENCODER OUT: E/D SB = 11 
NEGATIVE POWER SUPPLY 
SECOND STEP BIT INPUT 
THIRD STEP BIT INPUT POSITIVE REFERENCE INPUT 


LEAST SIGNIFICANT STEP BIT INPUT THRESHOLD CONTROL 


Top View 


Pin 1 is marked for orientation. LIC-276 


SIMPLIFIED CONVERSION TRANSFER FUNCTIONS 


Encoder 
Characteristic 


Decoder 
Characteristic 


DIGITAL 
ANALOG OUTPUT (+} 


OUTPUT (+) 


DIGITAL 
INPUT (—) 


ANALOG 
INPUT {-} 


ANALOG 


ted INPUT (+} 


INPUT (+) 


ANALOG 
OUTPUT (-} DIGITAL 


LIC-277 OUTPUT I-) 
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MAXIMUM RATINGS above which useful life may be impaired 

V+ Supply to V— Supply ; 36V | Operating Temperature 

Vic Swing V— plus 8V to V+ MIL Grade —55°C to +125°C 
Output Voltage Swing V—plus 8V to V— plus 36V COM'L Grade 0°C to +70°C 
Reference Inputs V—to V+ | Storage Temperature —65°C to +150°C 
Reference Input Differential Voltage +18V | Power Dissipation Ta < 100°C 500mW 
Reference Input Current 1.25mA For Ta > 100°C derate at 10mw/C 
Logic Inputs V—plus 8V to V— plus 36V | Lead Soldering Temperature 300°C (60 sec) 












































GUARANTEED FUNCTIONAL SPECIFICATIONS 


For both groups of 128 steps and over full operating temperature range 
Dynamic Range 72 dB, (20 log (17, 15/lo, 1)) 





ELECTRICAL CHARACTERISTICS (Note 1) 


These specifications apply for V+=+15V, V—=-—15V, IREF=528uA, O’C<Ta <+70°C, forthe commercial grade, -55°C<TA 
<+125°C, for the military grade, and for all 4 outputs unless otherwise specified. 


Parameter Description Test Conditions Min. Typ. Max. Unit 






To within +1/2 step at Ta = 25°C, 
Output switched from I7Zs to IFg 











ts 


Settling Time 


















Chord Endpoint Accuracy 





Step Nonlinearity 






Encode Current 


Ipg(D} Full Scale Current Deviation from Ideal 
IFg(E) 












VREF = +10,000V 
RREF+ = 18.94k2 
RREF— = 20k2 






See Table 1 for absolute accuracy 
limits which cover all errors related 
to the transfer characteristic. 




















lo(+)—lol—) | Full Scale Current Symmetry Error —5V < VouT <+18V 
IZzg Zero Scale Current 
Ales Full Scale Current Drift 














Voc Output Voltage Compliance Output within limits specified by Table 1 


Disable Current Leakage of output disabled by E/D or SB 


Ear 
a 

















Vv Logic | t Logic "0" 

IL ogic Inpu Zt : Vie =0V 
VIH Levels Logic ‘’1 
lin Logic Input Current 









VIN = —5V to +18V 
V—=—15V 































IBREF— Reference Bias Current 
Reference Input Slew Fat ee ane ee, Oe 


PSSIeg+ Power Supply Sensitivity Over Supply Range V+ = +4.5 to +18V, V— =—15V 

PSSI Fs— (Refer to Characteristic Curves) V—~ =—10.8V to -18V, V+ =+15V 
V+ = 45V to +15V, V— = —15V, 

I 


lpg = 2.0mA 
Note 1. In a companding DAC the term LSB is not used because the step size within each chord is different. For example, in the first chord around zero (Co) 


V—=—15V, Vout =O0V 
IFS = 2.0mA 

the step size is 0.5uA, while in the last chord near full scale (C7) the step size is 64uA. 
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ELECTRICAL CHARACTERISTICS (Cont.) 


ABSOLUTE DECODER OUTPUT CURRENT LEVELS IN pA 


TABLE 1 


CHORD NO. 


= — 
.000 
.250 


750 
1.000 
1.250 
1.250 
1.500 
1.750 
1.750 
2.000 
2.250 


2.250 
2.500 
2.750 
2.750 
3.000 
3.250 
3.250 
= 500 

-750 
= 750 
4.000 
4.250 
4.248 
4.500 
4.767 
4.720 
5.000 
5.296 
5.192 
5.500 
5.826 
5.664 
6.000 
6.356 
6.136 
6.500 
6.885 
6.608 
7.000 
7.415 
7.080 
7.500 
7.944 


7. a 
8.250 
8.739 
8.733 
9.250 
9.798 
9.677 

10.250 
10.857 
10.621 
11.250 
11.917 
11,565 
12.250 
12.976 
12.509 
13.250 
14.035 
13.453 
14.250 
15.094 
14.397 
15.250 
16.154 
15.341 
16.250 
17.213 
16.285 
17.250 
18.272 
17.229 
18.250 
19,331 
18.173 
19.250 
19.812 
19.675 
20.250 
20.841 
20.647 
21.250 
21.871 
21.619 
22.250 
22.900 
22.590 
23.250 
. 23,929 


24.048 
24.750 
25.473 
25.991 
26.750 
27.531 
27.934 
28.750 
29.590 
29.878 
30.750 
31.648 
31.821 
32.750 
33.706 


33.764 
34.750 
35.765 
35.707 
36.750 
37.823 


37.651 
38.750 
39.882 
39.594 
40.750 
41.940 


41.537 
42.750 
43.998 
43.480 
44.750 
46.057 
45.424 
46.750 
48.115 
47.367 
48.750 
50.174 
49.310 
50.750 
52.232 
51.253 
52.750 
54.290 
53.197 
54.750 
56.349 


56.112 
57.750 
59.436 
59.998 
61.750 
63.553 
63.885 
65.750 
67.670 


67.771 
69.750 
71.787 
71.658 
73.750 
75.904 
75.544 
77.750 
80.020 
79.431 
81.750 
84.137 
83.317 
85.750 
88.254 
87.204 
89.750 
92.371 
91.090 
93.750 
96.488 
94.977 
97.750 
100.604 
98.863 
101.750 
104.721 
102.750 
105.750 
108.838 
106.636 
109.750 
112,955 
110.523 
113,750 
117.072 
114.409 
117.750 
421.188 


120.24 
123.75 
127.36 
128.01 
131.75 
135.60 
135.79 
139.75 
143.83 


143,56 
147.75 
152.06 
151.33 
155.75 
160.30 
159.10 
163.75 
168.53 
166.88 
171.75 
176.77 
174.65 
179.75 
185.00 
182.42 
187.75 
193.23 
190.20 
195.75 
201.47 
197.97 
203.75 
209.70 
205.74 
211.75 
217.93 
213.52 
219.75 
226.17 
221.29 
227.75 
234.40 
229.06 
235.75 
242.63 
236.83 
243.75 
250.87 


248.49 
255.75 
263.22 
264.04 
271.75 
279.69 
279.59 
287.75 
296.15 
295.13 
303.75 
312.62 
310.68 
319.75 
329.09 


326.22 
335.75 
345.55 


341.77 
351.75 
362.02 


357.32 
367.75 
378.49 
372.86 
383.75 
394.96 
388.41 
399.75 
411.42 
403.95 
415.75 
427.89 
419.50 
431.75 
444.36 
435.05 
447.75 
460.82 
450.59 
463.75 
477.29 
466.14 
479.75 
493.76 
481.68 
495.75 
510.23 


505.00 
519.75 
534.93 
536.10 
551.75 
567.86 
567.19 
583.75 
600.80 
598.28 
615.75 
633.73 
629.37 
647.75 
666.66 
660.46 
679.75 
699.60 
691.56 
711,75 
732.53 
722.65 
743.75 
765.47 
753.74 
715.75 
798.40 
784.83 
807.75 
831.34 
815.92 
839.75 
864.27 
847.02 
‘871.75 
897.21 
878.11 
903.75 
930.14 
909.20 
935.75 
963.07 
940.29 
967.75 
996.01 
971.39 
999.75 
1028.94 





1018.02 
1047.75 
1078.34 
1080.21 
1111.75 
1144.21 
1142.39 
1175.75 
1210.08 
1204.58 
1239.75 
1275.95 
1266.76 
1303.75 
1341.82 
1328.94 
1367.75 
1407.69 
1391.13 
1431.75 
1473.56 
1453.31 
1495.75 
1639.43 
1515.50 
1559.75 
1605.30 
1577.68 
1623.75 
1671.16 
1639.87 
1687.75 
1737.03 
1702.05 
1781.75 
1802.90 
1764.23 
1815.75 
1868.77 
1826.42 
1879.75 
1934.64 
1888.60 
1943.75 
2000.51 
1950.79 
2007.75 
2066.38 


STEP 
SIZE 


Minimum, ideal and maximum values are specified for each step. The minimum and maximum values are 
specified to comply with the Bell D3 compandor tracking requirements. All four outputs are guaranteed, 
the encode outputs being specified to limits a half step higher than those shown above. This takes into 
account the combined effects of chord endpoint accuracy, step nonlinearity, encode current error, full 
scale current deviation from ideal, full scale symmetry error, zero scale current, full scale drift, and output 
impedance over the specified output voltage compliance range. Note that the guaranteed monotonicity 


ensures that adjacent step current levels will not overlap as might otherwise be implied from the minimum 
and maximum values shown in the above table. 


TABLE 2 


IDEAL DECODER OUTPUT VALUES EXPRESSED IN dB DOWN FROM OVERLOAD LEVEL (+3dBmo) 


ONDNAMEAWNH=O 


The —37 dBmo and —50 dBmo 


output points significant for the Bell D3 system specification can be found 
between steps 11 and 12 on chord 1, and steps 8 and 9 on chord 0, respectively. Outputs corresponding to 
points below —50dB are specified in Table 1 for an accuracy of + a half step. 
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THEORY OF OPERATION 


Functional Description 


The Am6072 is an 8-bit, nonlinear, digital-to-analog conver- 
ter with high impedance current outputs. The output current 
value is proportional to the product of the digital inputs and 
the input reference current. The full scale output current, Irs, 
is specified by the input binary code 111 1111, and is a linear 
function of the reference current, Iperf. There are two operat- 
ing modes, encode and decode, which are controlled by the 
Encode/Decode, (E/D), input signal. A logic 1 applied to the 
E/D input places the Am6072 in the encode mode and current 
will flow into the !o¢(4) Or log(—) output, depending on the 
state of the Sign Bit (SB) input. A logic 0 at the E/D input 
places. the Am6072 in the decode mode. 


The transfer characteristic is a piece-wise linear approxi- 
mation to the Bell System u-225 logarithmic law which 
can be written as follows: 


Y = 0.182n (1 + w IXI) sgn (X) 


where: X = analog signal level normalized to unity 
(encoder input or decoder output) 
Y = digital signal level normalized to unity 
(encoder output or decoder input) 
pw = 255 


The current flows from the external circuit into one of four 
possible analog outputs determined by the SB and E/D in- 
puts. The output currenttransfer function can be represented 
by a total of 16 segments or chords addressable through the 
SB input and three chord select bits. Each chord can be 
further divided into 16 steps, all of the same size. The step 
size changes from one chord to another, with the smallest 
step of 0.5uA found in the first chord near zero output cur- 
rent, and the largest step of 64A found in the last chord near 
full scale output current. This nonlinear feature provides 
exceptional accuracy for small signal levels near zero output 
current. The accuracy for signal amplitudes corresponding 
to chord 0 is equivalent to that of a 12-bit linear, binary D/A 
converter. However, the ratio (in dB) between the chord 


Bz Bg Bg 84 83 By By SB E/D a 


Am6072 


IREF = VREF/RREF Aer 


IDEAL VALUES: IREF = 528A, IFg = 2007.75uA 


|e | s8| 61 | e2|es|e4|es|e6|e7| Fo | 


a FULL SCALE [1 [a [1 | sow | 
i ZERO SCALE +1 STEP peach ems 
fearon ea of ef ov 


7 ) ZERO SCALE 
(—) ZERO SCALE +1 STEP = 


[Necative ruc scate | 0 | o [a [1 | 

















Figure 1. Detailed Decoder Connections. 


3-55 


Am6072 


endpoint current, (Step 15), and the current which corres- 
ponds to the preceding step, (Step 14), is maintained at about 
0.3dB over most of the dynamic range. The difference bet- 
ween the ratios of full scale current to chord endpoint cur- 
rents of adjacent chords is similarly maintained at approxi- 
mately 6dB over most of the dynamic range. Resulting 
signal-to-quantizing distortions due to non-uniform quantiz- 
ing levels maintain an acceptably low value over a 40dB 
range of input speech signals. Note that the 72dB output 
dynamic range for the Am6072 corresponds to the dynamic 
range of a sign plus 12-bit linear, binary D/A converter. 


In order to achieve a smoother transition between adja- 
cent chords, the step size between these chord end points 
is equal to 1.5 times the step size of the lower chord. 
Monotonic operation is guaranteed by the internal device 
design over the entire output dynamic range by specify- 
ing and maintaining the chord end points and step size 
deviations within the allowable limits. 


Operating Modes 


The basic converter function is conversion of digital input 
data into a corresponding analog current signal, i.e., the 
basic function is digital-to-analog decoding. The basic de- 
coder connection for a sign plus 7-bit input configuration is 
shown in Figure 1. The corresponding dynamic range is 
72dB, and input-output characteristics conform to the stan- 
dard decoder transfer function with output current values 
specified in Table 1. The E/D input enables switching bet- 
ween the encode, Igo¢(+) Or Iogi—), and the decode, Iop(+) or 
lop(—), outputs. A typical encode/decode test circuit is shown 
in Figure 2. This circuit is used for output current measure- 
ments. When the E/D input is high, (a logic 1), the converter 
will assume the encode operating mode and the output cur- 
rent will flow into one of the I9¢ outputs (as determined by 
the SB input). When operating in the encode mode as shown 
in Figure 3, an offset current equal to a half step in each chord 
is required to obtain the correct encoder transfer characteris- 
tic. Since the size of this step varies from one chord to 
another, it cannot easily be added externally. As indicated in 
the block diagram this required half step of encode current, 


DEVICE 
UNDER TEST 


= Ro = Rg = Rg = 2.5k2 40.1% 


LIC-279 
LINE SELECTION TABLE 


TEST ie: OUTPUT 
GROUP E/D MEASUREMENT 
(Eg1/R4} 
(Eg3/R2) 


{Eg2/R3) 
(Eg2/Ra4) 





Figure 2. Output Current DC Test Circuit. 
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len, is automatically added to the Io¢ output through the 
internal chip design. This additional current will, for exam- 
ple, make the ideal full scale current in the encode mode 
larger than the same current in the decode mode by 32pA. 
Similarly, the current levels in the first chord near the origin 
will be offset by 0.25u4A, which will bring the ideal encode 
current value for step 0 on chord Oto +0.25yA with respect to 
the corresponding decode current value of 0.0uA. This addi- 
tional encode half step of current can be used for extension 
of the output dynamic range from 72dB to 78dB, when the 
converter is performing only the decode function. The cor- 
responding decoder connection utilizes the E/D input as a 
ninth digital input and has the outputs Iop(+.) and Io¢g(+) and 
the outputs Iop(_) and Iog:—) tied together, respectively. 


When encoding or compression of an analog signal is re- 
quired, the Am6072 can be used together with a Successive 
Approximation Register (SAR), comparator, and additional 
SSI logic elements to perform the A/D data conversion, as 
shown in Figure 3. The encoder transfer function, shown on 
page 1, characterizes this A/D converter system. The first task 
of this system is to determine the polarity of the incoming 
analog signal and to generate a corresponding SB input 
value. When the proper Start, S, and Conversion Complete, 
CC, signal levels are set, the first clock pulse sets the MSB 
output of the SAR, Am2502, to a logic 0 and sets all other 
parallel digital outputs to logic 1 levels. At the same time, the 
flip-flop is triggered, and its output provides the E/D input 
with a logic 0 level. No current flows into the Io¢ outputs. This 
disconnects the converter from the comparator inputs, and 
the incoming analog signal can be compared with the 
ground applied to the opposite comparator input. The result- 
ing comparator output is fed to the Am2502 serial data input, 
D, through an exclusive-or gate. At the same time, the sec- 
Ond input to the same exclusive-or gate is held at a logic 0 
level by the additional successive approximation logic 
shown in Figure 3. This exclusive-or gate inverts the com- 
parator’s outputs whenever a negative signal polarity is de- 
tected. This maintains the proper output current coding, i.e., 
all ones for full scale and all zeros for zero scale. 


The second clock pulse changes the E/D input back to a logic 
1 level because the CC signal changed. It also clocks the D 


ANALOG INPUT 
© O 


{GROUNDED FOR 
SINGLE-ENDED [~~~ 
INPUTS) 


= 25k2 


1/4 7486 


1/4 7486 


Figure 3. Detailed Encoder Connections. 


) 
cL 
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1/2 7474 
D 
PR 
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input signal of the Am2502 to its MSB output, and transfers it 
to the SB input of the Am6072. Depending upon the SB input 
level, current will flow into the Io¢(4) or log) output of the 
Am6072. 


Nine total clock pulses are required to obtain a digital binary 
representation of the incoming analog signal at the eight 
Am2502 digital outputs. The resulting Am6072 analog out- 
put signal is compared with the analog input signal after 
each of the nine successive clock pulses. The analog signal 
should not be allowed to change its value during the data 
conversion time. In high speed systems, fast changes of the 
analog signals at the A/D system input are usually prevented 
by using sample and hold circuitry. 


Additional Considerations and Recommendations 


In Figure 1, an optional operational amplifier converts the 
Am6072 output current to a bipolar voltage output. When the 
SB input is a logic 1, sink current appears at the amplifier’s 
negative input, and the amplifier acts as a current to voltage 
converter, yielding a positive voltage output. With the SB 
value at a logic 0, sink current appears at the amplifier’s 
positive input. The amplifier behaves as a voltage follower, 
and the true current outputs will swing below ground with 
essentially no change in output current. The SB input steers 
current into the appropriate (+) or (—) output of the Am6072. 
The resulting operational amplifier’s output in Figure 2 
should ideally be symmetrical with resistors R1 and R2 
matched. 


In Figure 2, two operational amplifiers measure the cur- 
rents of each of the four Am6072 analog outputs. Resistor 
tolerances of 0.1% give 0.1% output measurement error 
(approximately 2A at full scale). The input offset currents 
of the A1 and A2 devices also increase output measure- 
ment error and this error is most significant near zero 
scale. The Am101A and 308 devices, for example, may be 
used for A1 and A2 since their maximum offset currents, 
which would add directly to the measurement. error, are 
only 10nA and 1nA, respectively. The input offset voltages 
of the A1 and A2 devices, with output resistor values of 


START = +5.0V 


SERIAL 
DATA 
OUTPUT 


Am2502 
SUCCESSIVE APPROXIMATION 
REGISTER (SAR) 


CONVERSION 
COMPLETE 


O +5.0V 


PARALLEL 


RReEF(+} 


E/D SB B, By Bg Bq Bg Bg By aeoakee 


Vv 
Am6072 REF (+) 
COMPANDING 


D TO ACONVERTER Vv, 
REF (—} 


LIC-280 
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2.5kQ, also contribute to the output measurement error by 
a factor of 400nA for every mV of offset at the A1 and A2 
outputs. Therefore, to minimize error, the offset voltages 
of A1 and A2 should be nulled. 


The recommended operating range for the reference cur- 
rent Ige¢ is from 0.1mA to 1.0mA. The full scale output 
current, Irs, is a linear function of the reference current, 
and may be calculated from the equation Irs = 3.8 Iper. 
This tight relationship between Iper¢ and Irs alleviates the 
requirement for trimming the Iper current if the Rrer re- 
sistors values are within +1% of the calculated value. 
Lower values of IRer will reduce the negative power sup- 
ply current, (I—), and will increase the reference amplifier 
negative common mode input voltage range. 


The ideal value for the reference current Iper = Vrer/Rreeg is 
528uA. The corresponding ideal full scale decode and en- 
code current values are 2007.754A and 2039.75yA, respec- 
tively. A percentage change from the ideal Iperf value pro- 
duced by changes in Vr_r or Rrer values produces the same 
percentage change in decode and encode output current 
values. The positive voltage supply, V+, may be used, with 
certain precautions, for the positive reference voltage Vref. 
In this case, the reference resistor Raer(+) should be split into 
two resistors and their junction bypassed to ground with a 
capacitor of 0.01.uF. The total resistor value should provide 
the reference current Incr = 528uA. The resistor Rrer(_—) 
value should be approximately equal to the Raer(+) value in 
order to compensate for the errors caused by the reference 
amplifier’s input offset current. 


An alternative to the positive reference voltage applications 
shown in Figures 1, 2 and 3 is the application of a negative 
voltage to the Vp;_) terminal through the resistor Rrer(—) 
with the Rrer(+) resistor tied to ground. The advantage of 
this arrangement is the presence of very high impedance at 
the Vp:_) terminal while the reference current flows from 
ground through Rr_r(+) into the Va.+) terminal. 


CMOS, HTL, NMOS 


LIC-281 
(See Notes 2 and 3) 


Figure 4. Interfacing Circuits for ECL, CMOS, HTL, 
and NMOS Logic Inputs. 


Notes: 2. Set the voltage ‘‘A”’ to the desired logic input switching threshold. 


Am6072 


The Am6072 has a wide output voltage compliance suit- 
able for driving a variety of loads. With Iper = 528A and 
V-— = —15V, positive voltage compliance is +18V and 
negative voltage compliance is —5.0V. For other values of 
IRE- and V-, the negative voltage compliance, Voci_}, 
may be calculated as follows: 


Voc(-) = (V—) + (2 ¢ Ipeg © 1.5kQ) + 8.4V. 


The following table contains Voci_) values for some 
specific V—, Iper, and Irs values. 


Negative Output Voltage Compliance VQc(—) 


264uA | S28uA | 1056uA 
(1mA) (2mA) (4mA) 


The Vic input can accommodate various logic input 
switching threshold voltages allowing the Am6072 to in- 
terface with various logic families. This input should be 
placed at a potential which is 1.4V below the desired logic 
input switching threshold. Two external discrete circuits 
which provide this function for non-TTL driven inputs are 
shown in Figure 4. For TTL-driven logic inputs, the Vic 
input should be grounded. If negative voltages are 
applied at the digital logic inputs, they must have a value 
which is more positive than the sum of the chosen V— 
value and +10V. 


With a V— value chosen between —15V and —11V, the 
Voc(-) the input reference common mode voltage range, 


and the logic input negative voltage range are reduced by an 
amount equivalent to the difference between —15V and the 
V-— value chosen. 


With a V+ value chosen between +5V and +15V, the refer- 
ence amplifier common mode positive voltage range and the 
Vic input values are reduced by an amount equivalent to the 
difference between +15V and the V+ value chosen. 





INPUT CODE 
(E/D, SB, By, ..., B7) 


10 1111411 
10 1101111 
10 000 0000 





011111111 
011101111 
01 000 0000 
00 000 0000 
001101111 
00 111.1111 











= oe | 





Figure 5. Resistive Output Connections. 


3. Allowable range of logic threshold is typically —5V to +13.5V when operating the companding DAC on +15V supplies. 
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ADDITIONAL DECODE OUTPUT CURRENT TABLES 


Table 3 
Normalized Decoder Output (Sign Bit Excluded) 


OnN Oo WN |W OO 


15 


The normalized decode current, (Ic, s), is calculated using: where lc, g is the corresponding normalized current. To ob- 
lo,s = 2(2°(S + 16.5) — 16.5) tain normalized encode current values the corresponding 
where C = chord number; S = step number. The ideal de- normalized half-step value should be added to all entries in 
code current, (lop), in zA is calculated using: Table 3. 
lop = (Ic, sllz7, 15(norm.)) * Irs (HA) 


Table 4 
Decoder Step Size Summary 


Resolution & 

Step Size Step Size Step Size Step Size in Step Size asa % Accuracy of 
Normalized in vA with as a % of dB at Chord of Reading at Equivalent 
to Full Scale 2007.75uA FS Full Scale Endpoints Chord Endpoints Binary DAC 


0.025% Sign + 12 Bits 
0.05% Sign + 11 Bits 
0.1% Sign + 10 Bits 
0.2% Sign + 9 Bits 
0.4% Sign + 8 Bits 
0.8% Sign + 7 Bits 
1.6% Sign + 6 Bits 
3.2% Sign + 5 Bits 


Table 5 
Decoder Chord Size Summary 


Chord Endpoints Chord Endpoints Chord Endpoints Chord Endpoints 
Normalized to in pA with as a % of in dB Down 
Full Scale 2007.75uA FS Full Scale from Full Scale 


75 
23.25 
54.75 

117.75 
243.75 
495.75 
999.75 
2007.75 
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BASIC CIRCUIT CONNECTIONS 


+10V RANGE ENCODER/DECODER COMPLIANCE EXTENSION 
CONNECTIONS USING AC COUPLED OUTPUT 


£10V INPUT 


5.0kN 


TO A/D 
CONVERSION 
B7 Bg Bs 84 Bz Bz By SB he ) ; Loic By Bg Bs Bg 83 Bo 8; SB its wy) 
OE is Vai) OF) 


Yair) 
Am6072 r Am6072 


IDEAL VALUES: 


IREF = 528uA 
LIC-283 lpg = 2007,75nA LIC-284 





LOW INPUT IMPEDANCE CONNECTION HIGH INPUT IMPEDANCE CONNECTION 


DIGITAL INPUTS DIGITAL INPUTS 


Zine — 
INO IN By Bg By By Bz B> By SB E/D (+) By Bg Bg By By By By SBE/D (4) 


Va) OE () Vat OE (Wy 
Am6072 Am6072 

Vat-) ) 

v- 


IREF = ViIN/RIN + VREF/RREF IREF = (VREF — ViIN)/RREF 
lpg ~4° IREF lFs ~4° IREF | 


LIC-285 LIC-286 


LOGARITHMIC DIGITAL GAIN CONTROL REFERENCE AMPLIFIER DYNAMIC TEST CIRCUIT 
(Notes 4 & 5) 


ATTENUATION 
= 6dB/CHORD CHANNEL 
= 3dB/STEP SELECT FREQUENCY 
RESPONSE 
TEST 20kQ2 


(Prep) 


DISTORTION 
ANALYZER 


+ 


LiC-287 LIC-288 


Notes: 4. Low distortion outputs are provided over a 72dB range. 
5. Up to 4 channels of output may be selected by E/D and SB logic inputs. 
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TYPICAL PERFORMANCE CURVES 


Reference Amplifier 
Total Harmonic Distortion Reference Amplifier 
Versus Frequency (80kHz Filter) - Reference Amplifier input Common-Mode Range 
(Notes 6, 7, 8) Input Frequency Response (Note 9) 
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RELATIVE OUTPUT — dB 
OUTPUT CURRENT —mA 


TOTAL HARMONIC DISTORTION — % 





FREQUENCY — Hz FREQUENCY — Hz REFERENCE COMMON-MODE VOLTAGE 
AT Vper PIN—V 


Output Current Versus 
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1.0 ALL BITS “HIGH” OR “LOW” 
V+ = +15V, V— = —15V 


0 0 0 
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POSITIVE OR NEGATIVE POWER SUPPLY — V TEMPERATURE — °C OUTPUT VOLTAGE — V 


Logic Input Current 
Versus Input Voltage 
Bit Transfer Characteristics and Logic Input Range Output Full Scale Current 
(Note 10) (Note 11) Versus Reference Input Current 
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OUTPUT FULL SCALE CURRENT, !Ifg —mA 


LOGIC INPUT VOLTAGE — V LOGIC INPUT VOLTAGE — V REFERENCE CURRENT, [REF — mA LIC-289 


Notes: 6. THD is nearly independent of the logic input code. 
7. Similar results are obtained for a high input impedance connection using Vpi_) as an input. 
8. Increased distortion above 50kHz is due to a slew rate limiting effect which determines the large signal bandwidth. For an input of +2.5V peak (25% 
modulation), the bandwidth is 100kHz. 
9. Positive common mode range is always (V+) —1.5V. 
10. All bits are fully switched with less than a half step error at switching points which are guaranteed to lie between 0.8V and 2.0V over the operating 
temperature range. 
11. The logic input voltage range is independent of the positive power supply and logic inputs may swing above the supply. 
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TIME SHARED CONVERTER CONNECTIONS 


SINGLE CHANNEL PCM CODEC — PARALLEL DATA 1/0 


RECEIVE 
COMMAND 


J 


SAMPLE COMMAND 
FOR A XMT CYCLE 


ANALOG (Am)LF398 
INPUT 
XMT 
FILTER 


+15V | +5.0V 


1/4 7486 


XMT 
ATTENUATOR 


1/2 7474 
D 
PR 


Tom | 


RECEIVE 
ATTENUATOR 





SAMPLE COMMAND 
FOR A RECEIVE CYCLE 


| 2.5k2 


{Am)LF398 
ANALOG 
OUTPUT + 
RECEIVE | - 


(Am)LF356 


T 


APPLICATION INFORMATION 


1. 


To perform a transmit operation cycle the START pulse 
must be held low for one clock cycle; the receive opera- 
tion is performed without the successive approximation 
register, SAR. 


. XMT and RECEIVE command signals are mutually exclu- 


sive. 


. Duration of the RECEIVE command signal must 


accommodate the Am6072 settling time plus the sam- 
pling time required by the sample and hold, (S & H), 
circuit used at the CODEC’s analog output. The receiving 
data must not change during this time. 


. AXMT command signal must be issued after a high-to- 


low transition of the CONVERSION COMPLETE, CC, sig- 
nal. Its duration depends on the time required by the 
digital time division switch circuitry to sample the 8-bit 
parallel transmit data bus. 


START. +5.0V 
CONVERSION XT 
COMPLETE 


Toe (+) 
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Am8T26 


£/D SB By Bz Bg 


COMMAND 


+5.0V 


Am2502 
SUCCESSIVE APPROXIMATION 
REGISTER (SAR) 
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R/E JO 


1115 |2 
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COMPANDING 


D TO A CONVERTER 
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5. Data conversion for a transmit operation is completed in9 


clock cycles because the SAR must be initialized before 
every new conversion. Data conversion for a receive op- 
eration corresponds to the Am6072 settling time; the re- 
ceiving and transmit data transfers can be done simul- 
taneously by employing separate transmit and receive 
data buses and utilizing data storage devices for the re- 
ceive data. 

A sample command pulse for a transmit operation can 
coincide with the START pulse; its duration depends on 
the sample and hold circuit used at the CODEC’s analog 
input. 


. Asample command pulse for a receive operation must be 


delayed from a low-to-high transition of the RECEIVE 
command signal by an amount equal to the Am6072 set- 
tling time. Its termination can coincide with a high-to-low 
transition of the RECEIVE command signal. 














Am6072 


TIME SHARED CONVERTER CONNECTIONS (Cont.) 


SINGLE CHANNEL PCM CODEC — SERIAL DATA I/O 


CLOCK 


COMMAND COMMAND 


1/4 7486 


START +5,0V 


XMT DATA 


SAMPLE COMMAND 


FOR A XMT CYCLE +15V 
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APPLICATION INFORMATION 


1. Before beginning either a transmit or a receive operation, 
the START signal must be held low for one complete clock 
cycle. 

2. XMT and RECEIVE command signals are mutually exclu- 
sive. Their durations must accommodate the time required 
for conversion of an outgoing or an incoming series of 8 di- 
gital bits, respectively. 

3. Data conversion for either operation, transmit or receive, is 
completed in 9 clock cycles. 
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4. During the receive cycle the successive approximation re- 
gister, SAR, is acting as a serial-in to parallel-out shift re- 
gister, with data supplied from data storage devices. 

5. A sample command pulse for a transmit cycle must be is- 
sued before a XMT command signal; its duration depends 
on the sample and hold, S & H, circuit used. 

6. A sample command pulse for a receive cycle must be de- 
layed by a time equal to the Am6072 settling time after a 
high-to-low transition of the CONVERSION COMPLETE, 
CC, signal occurs. 
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GAIN DEVIATION — dB 


Am6072 


COMPANDOR TRACKING SPECIFICATION COMPANDOR TRACKING TEST BLOCK DIAGRAM 


ATTENUATOR FILTER ENCODER 
(Am6072) 
BELL D3 SYSTEM 


SPECIFICATION HP-200CD 
| (MAXIMUM) OSCILLATOR 


| i OR EQUIVALENT 


DECODER 
FILTER 
fme0re je | nae) 
SPECIFICATION 


{MAXIMUM) HP-400D 


VOLTMETER 
pao St tae he OR EQUIVALENT 


























INPUT SIGNAL LEVEL — dBmo 
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D3 NOISE AND DISTORTION SPECIFICATION 


The Am6072 has a negligible idle channel noise contribution. Signal-to-quantizing-distortion ratio, (S/D), is 
guaranteed to exceed the minimum values specified for D3 channels as follows: 


Input Level 1020 Hz Sinewave S/D, C-Message Weighting 


0 to —30 dBmo 
At —40 dBmo 
At —45 dBmo 


DECODER OPERATION DURING SIGNALLING FRAME 


DIGITAL INPUTS 


R 
2.5kQ 
O 


OUTPUT 


Vri-) 


1 
VR (+) 
Am6072 OP-AMP ANALOG 
+ 
Le O 


LIC-295 


The Am6072 can perform the decoding function in a D3 channel bank system. During signalling frames the 
least significant bit; B7, of each 8-bit word is used for signalling messages and only seven bits are used for 
sample coding. In order to minimize the quantizing error during these signalling frames, the Am6072 output 
is increased by a half step from its corresponding decode output value by switching the E/D input from a 
logic level 0 to a logic 1. 


Metallization and Pad Layout 














80 X 114 Mils 





3-63 





Am6073 


Companding D-to-A Converter for PCM Communication Systems 


Distinctive Characteristics 


Tested to CCITT A-law tracking specification 
Absolute accuracy specified — includes all errors over 
temperature range 

Settling time 300ns typical 

ideal for multiplexed PCM systems 

Output dynamic range of 62 dB 


Improved pin-for-pin replacement for DAC-87 
Microprocessor controlled operations 
Multiplying operation 

Negligible output noise 

Monotonicity guaranteed over entire dynamic range 
Wide output voltage compliance 
Low power consumption 


GENERAL DESCRIPTION 


The Am6073 is a monolithic 8-bit, companding digital-to- 
analog (D/A) data converter with true current outputs and 
large output voltage compliance for fast driving a variety of 
loads. The transfer function of the Am6073 complies with the 
CCITT A-87.6 companding law, and consists of 13 linear seg- 
ments or chords. A particular chord is identified with the sign 
bit input, (SB), and three chord select input bits. Each chord 
contains 16 uniformly spaced linear steps which are deter- 
mined by four step select input bits. The resulting dynamic 
range achieved with this 8-bit format is 62dB. Accuracy and 
monoticity are assured by the internal circuit design and are 
guaranteed over the full temperature range. The Am6073 is 


FUNCTIONAL BLOCK DIAGRAM 


CHORD BITS STEP BITS 


B, By By By 8, Bg By 


SELECTOR SELECTOR 


= i 
CHORD PEDESTAL 


CHORD AND 
PEDESTAL 


i 


ORDERING INFORMATION 


Am6073DM | —55°C to +125°C | Conforms to CCITT 
Am6073DC 0°C to +70°C A-law specification 


tested to the CCITT A-law compandor tracking specification 
for pulse code modulation (PCM) transmission systems. The . 
application of the Am6073 in communication systems pro- 
vides an increased signal-to-noise ratio, reduces system sig- 
nal distortion, and stimulates wider usage of computerized 
channel switching. Other application areas include digital 
audio recording, voice synthesis, and secure communica- 
tions. When used in PCM communication systems, the 
Am6073 functions as a complete PCM decoder with addi- 
tional encoding capabilities which make it ideal for im- 
plementation in CODEC circuits. 


CONNECTION DIAGRAM 
Am6073 


ENCODE/DECODE SELECT: 1 = ENCODE POSITIVE POWER SUPPLY 


SIGN BIT INPUT: 1 = POSITIVE DECODER OUT: E/D $B = 00 


MOST SIGNIFICANT CHORD BIT INPUT DECODER OUT: E/D SB = 01 


SECOND CHORD BIT INPUT ENCODER OUT: E/D SB =10 
LEAST SIGNIFICANT CHORD BIT INPUT ENCODER OUT: E/D SB=11 
MOST SIGNIFICANT STEP BIT INPUT NEGATIVE POWER SUPPLY ° 


SECOND STEP BIT INPUT NEGATIVE REFERENCE INPUT 


THIRD STEP BIT INPUT POSITIVE REFERENCE tNPUT 


LEAST SIGNIFICANT STEP BIT INPUT THRESHOLD CONTROL 


Top View 


Pin 1 is marked for orientation. LIC-297 


SIMPLIFIED CONVERSION TRANSFER FUNCTIONS 


Decoder Characteristic Encoder Characteristic 
DIGITAL 

ANALOG OUTPUT (+) 

OUTPUT (+) 


DIGITAL 
INPUT (—) 


ANALOG 
INPUT (—) 


ANALOG 


DIGITAL INPUT (+) 


INPUT (+) 


ANALOG 


OUTPUT (-) DIGITAL 


OUTPUT(-) 
LIC-298 





Am6073 
MAXIMUM RATINGS above which useful life may be impaired 


V+ Supply to V— Supply 36V |} Operating Temperature 
Vic Swing V— plus 8V to V+ MIL Grade —55°C to +125°C 
Output Voltage Swing V—plus 8V to V— plus 36V COM'L Grade 0°C to +70°C 











Reference Inputs V—to V+ | Storage Temperature —65°C to +150°C 
Reference Input Differential. Voltage +18V | Power Dissipation Ta < 100°C 500mw 
Reference Input Current 1.25mA For Ta > 100°C derate at 10mw/C 
Logic Inputs V—plus 8V to V— plus 36V | Lead Soldering Temperature 300°C (60 sec) 














GUARANTEED FUNCTIONAL SPECIFICATIONS 


For both groups of 128 steps and over full operating temperature range 
Dynamic Range 62 dB, (20 log (17, 15/lo, 1)) 







ELECTRICAL CHARACTERISTICS (Note 1) 


These specifications apply for V+=+15V, V—=—15V, IREF = 512uA, O’C<Ta <+70°C, forthe commercial grade, -55°C<TA 
<+125°C, for the military grade, and for all 4 outputs unless otherwise specified. 


Parameter Description Test Conditions Min. Typ. Max. Unit 
To within +1/2 step at Ta = 25°C, 
Output switched from I7¢s to lrg 


VREF = +10,000V 
RREF+ = 19.53k2 
RREF~ = 20k2 

—5V <VouT < +18V 






Settling Time 








Chord Endpoint Accuracy 


inarr Step Nonlinearity 
Flew | Encode Current ——SSCSCSC=* 


IFs(D) bs 
Full Scale Current Deviation from Ideal 
!es(E) 
lol+)—Ig(-) Full Scale Current Pneey Error 
Decode or Encode Pair 
Zero Scale Current 
Full Scale Current Drift 






















See Table 1 for absolute accuracy 
limits which cover all errors related 
to the transfer characteristic. 






















Output within limits specified by Table 1 











Leakage of output disabled by E/D or SB 













Logic Input Logic ‘‘0” 


V = 


peo 
eee 
Hob | 
fin, | Logic Input Current VIN = —5V to +18V — 
ie 








A 
Logie Input Swing Ya = =t8V 
IBREF— Reference Bias Current 
di/dt Reference Input Slew Rate 
V+ =+5V to +15V, V— =—15V, 


| 4.0 | 
012 [025 | — | malas | 
PSSIES+ Power Supply Sensitivity Over Supply Range V+ = +4.5 to +18V, V— =—15V - 0.005 | on | 
I+ : ae be PAS 
igs = 2.0mA ee | ee ols | 
pa] 


(Refer to Characteristic Curves) V— =—10.8V to —18V, V+ =+15V 
V—=—15V, VourT = OV 
lrg * 2.0m 


Note 1. In a companding DAC the term LSB is not used because the step size within each chord is different. For example, in the first chord around zero (Cg) 
the step size is 1.0uA, while in the last chord near full scale (C7) the step size is 64uA. 


























Power Supply Current 

















Power Dissipation 
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ELECTRICAL CHARACTERISTICS (Cont.) 
TABLE | 


ABSOLUTE DECODER OUTPUT CURRENT LEVELS IN uA 
CHORD 


STEP 
ee Os ee ee a ee 


000 16.032 32.064 64.127 128.25 256.51 513.02 1026.04 
500 16.500 33.000 66.000 132.00 264.00 528.00 1056.00 
1.000 16.982 33.964 67.927 135.85 271.71 543.42 1086.84 


17.003 34.007 68.014 136.03 272.06 544,11 1088.22 
17.500 35.000 70.000 140.00 280.00 560.00 1120.00 
18.011 36.022 72,044 144.09 288.18 576.35 1152.70 


17.975 35.950 143.80 287.60 575.20 1150.41 
18.500 - 37.000 148.00 296.00 592.00 1184.00 
19.040 38.080 152.32 304.64 609.29 1218.57 


2.945 18.947 37.893 151.57 303.15 606.30 1212.59 
3.500 19,500 39.000 156.00 312.00 624.00 1248.00 
4.160 20.069 40.139 160.56 321.11 642.22 1284.44 


4.248 19.918 39.837 159.35 318.69 637.39 1274.78 
4.500 20.500 41.000 164.00 328.00 656.00 4312.00 
4.767 21.099 42.197 168.79 337.58 675.16 1350.31 
§.192 20.890 41.780 167.12 334,24 668.48 1336.96 


5.500 21.500 43.000 172.00 344.00 688.00 1376.00 
§.826 22.128 44.256 177,02 354.04 708.09 1416.18 


6.136 21.862 43.723 174.89 349.79 699.57 1399.14 
6.500 22.500 45.000 180.00 | 360.00 720.00 1440.00 
6.885 23.157 46.314 185.26 370.51 741.02 1482.05 


45.667 91.333 182.67 365.33 730.66 1461.33 
47.000 94,000 188.00 376.00 752.00 1504.00 
48.372 96.745 193.49 386.98 773.96 1547.92 


47.610 95.220 190.44 380.88 | 761.76 1623.51 
49.000 98.000 196.00 392.00 784.00 1568.00 
50.431 100.862 201.72 403.45 806.89 1613.79 


49.553 99.106 198.21 396.42 792.85 1585.70 
51.000 102.000 204,00 408.00 816.00 1632.00 


52.489 104.978 209.96 419,91 839.83 1679.66 
102.993 205.99 411.97 823.94 1647.88 
106.000 212.00 424.00 848.00 1696.00 
109.095 218.19 436.38 872.76 1745.52 


106.879 213.76 427.52 855.03 1710.07 
110.000 220.00 440.00 880.00 1760.00 
113.212 226.42 452.85 905.70 1811.39 


27.691 55.383 110.766 221.53 443.06 886.12 1722.25 
28.500 57.000 114.000 228.00 456.00 912.00 1824.00 
29.332 58.664 117.329 234,66 469.32 938.63 1877.26 


28.663 57.326 114.652 229.30 458.61 917.22 1834.43 
29.500 59.000 118.000 236.00 472.00 944.00 | 1888.00 
30.361 60.723 121.446 242.89 485.78 971.57. | 1943.13 


29,635 59.269 118.539 237.08 474.15 948.31 1896.62 
30.500 61.000 122.000 244.00 488.00 976.00 1952.00 
31,391 62.781 125.562 251.12 502.25 1004.50 | 2009.00 


. 30.606 61.231 122.425 244.85 489.70 979.40 1958.80 
15 . 31.500 63.000 126.000 252.00 504.00 1008.00 | 2016.00 
32.420 64.840 129.679 259.36 518.72 1037.43 | 2074.87 


EC A 

Minimum, ideat and maximum values are specified for each step. The minimum and maximum values 
are specified to comply with the CCITT A-law compandor tracking requirements. All four outputs are 
guaranteed, the encode outputs being specified to limits a half step higher than those shown above. This 
takes into account the combined effects of chord endpoint accuracy, step nonlinearity, encode current 
error, full scale current deviation from ideal, full scale symmetry error, zero scale current, full scale drift, 
and output impedance over the specified output voltage compliance range. Note that the guaranteed 


monotonicity ensures that adjacent step current levels will not overlap as might otherwise be implied 
from the minimum and maximum values shown in the above table. 













































































TABLE 2 . 
IDEAL DECODER OUTPUT VALUES EXPRESSED IN dB DOWN FROM OVERLOAD LEVEL (+3dBmo) 











The —40dBmo, —50dBmo, and —55dBmo output points significant for the CCITT A-87.6 PCM system 
specification can be found between steps 13 and 14 on chord 0, steps 4 and 5 on chord O, and steps 2 and 
3 on chord 0, respectively. Outputs corresponding to points below —55dBmo are specified in Table 1 for 
an accuracy of + a half step. 
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THEORY OF OPERATION 


Functional Description 


The Am6073 is an 8-bit, nonlinear, digital-to-analog conver- 
ter with high impedance current outputs. The output current 
value is proportional to the product of the digital inputs and 
the input reference current. The full scale output current, I¢s, 
is specified by the input binary code 111 1111, and is a linear 
function of the reference current, Iperf. There are two operat- 
ing modes, encode and decode, which are controlled by the 
Encode/Decode, (E/D), input signal. A logic 1 applied to the 
E/D input places the Am6073 in the encode mode and current 
will flow into the Iog;4) Or Iog(_) Output, depending on the 
state of the Sign Bit (SB) input. A logic 0 at the E/D input 
places the Am6073 in the decode mode. 


The transfer characteristic is a piece-wise linear approxima- 
tion to the CCITT A-87.6 logarithmic law which can be written 
as follows: 


Y = 0.18 (1 + In (A|X| )) sgn (X), 1/A < |X] <1 
Y = 0.18 (A |X|) sgn (X), 0<|XIl< 1A 


where: X = analog signal level normalized to unity 
(encoder input or decoder output) 
Y = digital signal level normalized to unity 
(encoder output or decoder input) 
A = 87.6 


The current flows from the external circuit into one of four 
possible analog outputs determined by the SB and EID in- 
puts. The output current transfer function can be represented 
by a total of 16 segments or chords addressable through the 
SB input and three chord select bits. The two chords closest 
to the origin of the transfer function, chord 0 and chord 1, are 
made colinear and contiguous. The beginning of chord 0, 
specified by the input binary code 000 0000, is offset by 
+0.5uA. Each chord can be further divided into 16 steps, all 
of the same size. The step size changes from one chord to 
another, with the smallest step of 1.0A found in the first two 
chords near zero output current, and the largest step of 64uA 
found in the last chord near full scale output current. This 
nonlinear feature provides exceptional accuracy for small 
signal levels. The accuracy for signal amplitudes corres- 


B7 Bg Bs 8, Bz By By SB E/D 
7 Be Bs 84 Bz Bz By loet+) 
Vai loe(- - 
Am6073 = OP-AMP 
Eo 
ANALOG 


OUTPUT 
+5.0V 


-15V +15V LIC-299 


IREF = VREF/RREF 
IDEAL VALUES: IREF = 512HA, I¢g = 2016uA 


POSITIVE FULL SCALE 








(+) ZERO SCALE +1 STEP 





0.0012V 
—0.0012V 














Figure 1. Detailed Decoder Connections. 


Am6073 


ponding to chords 0 and 1 is very close to that of an 11-bit 
linear, binary D/A converter. The ratio (in dB) between the 
chord endpoint current, (Step 15), and the current which 
corresponds to the preceding step, (Step 14), is maintained 
at about 0.3dB over the entire dynamic range, with the excep- 
tion of chord 0. The difference between the ratios of full scale 
current to chord endpoint currents of adjacent chords is 
similarly maintained at 6dB over the entire dynamic range. 
Resulting signal-to-quantizing distortions due to non- 
uniform quantizing levels maintain an acceptably low value 
over a 40dB range of input speech signals. Note that the 62dB 
output dynamic range for the Am6073 is very close to the 
dynamic range of a sign plus 11-bit linear, binary D/A conver- 
ter. 


In order to achieve a smoother transition between adjacent 
chords, the step size between these chord end points is equal 
to 1.5 times the step size of the lower chord. Note that this 
does not apply to chord 0 and chord 1 where adjacent end 
points differ by only one step, because these two chords are 
colinear and have the same step sizes. Monotonic operation 
is guaranteed by the internal device design over the entire 
output dynamic range by specifying and maintaining the 
chord end points and step size deviations within the allow- 
able limits. 


Operating Modes 


The basic converter function is conversion of digital input 
data into a corresponding analog current signal, i.e., the 
basic function is digital-to-analog decoding. The basic de- 
coder connection for a sign plus 7-bit input configuration is 
shown in Figure 1. The corresponding dynamic range is 
62dB, and input-output characteristics conform to the stan- 
dard decoder transfer function with output current values 
specified in Table 1. The E/D input enables switching be- 
tween the encode, Io¢(+) Or Iog;—), and the decode, lop(+) or 
lop(—), outputs. A typical encode/decode test circuit is shown 
in Figure 2. This circuit is used for output current measure- 
ments. When the E/D input is high, (a logic 1), the converter 
will assume the encode operating mode and the output cur- 
rent will flow into one of the Iog outputs (as determined by 
the SB input). When operating in the encode mode as shown 


DIGITAL INPUTS 


DEVICE 
UNDER TEST 


Ry = Ro = Rg = Rg =2.5k2 40.1% LIC-300 


LINE SELECTION TABLE 


TEST eo OUTPUT 
GROUP E/D MEASUREMENT 
{Eg1/R4)} 
{Eg3/Ra) 


{Eg2/R3) 
{Eg2/R4) 


Figure 2. Output Current DC Test Circuit. 
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in Figure 3, an offset current equal to a half step in each chord 
is required to obtain the correct encoder transfer characteris- 
tic. Since the size of this step varies from one chord to 
another, it cannot easily be added externally. As indicated in 
the block diagram this required half step of encode current, 
len, is automatically added to the Io¢ output through the 
internal chip design. This additional current will, for exam- 
ple, make the ideal full scale current in the encode mode 
larger than the same current in the decode mode by 32pA. 
Similarly, the current levels in the first chord near the origin 
will be offset by 0.54A, which will bring the ideal encode 
current value for step 0 on chord 0 to +1.0uA with respect to 
the corresponding decode current value of 0.5A. This addi- 
tional encode half step of current can be used for extension 
of the output dynamic range from 62dB to 66dB, when the 
converter is performing only the decode function. The cor- 
responding decoder connection utilizes the E/D input as a 
ninth digital input and has the outputs I9p;+) and Iog(+) and 
the outputs Iop,_) and Io¢(_) tied together, respectively. 


When encoding or compression of an analog signal is re- 
quired, the Am6072 can be used together with a Successive 
Approximation Register (SAR), comparator, and additional 
SSI logic elements to perform the A/D data conversion, as 
shown in Figure 3. The encoder transfer function, shown on 
page 1, characterizes this A/D converter system. The first task 
of this system is to determine the polarity of the incoming 
analog signal and to generate a corresponding SB input 
value. When the proper START, (S), and CONVERSION COM- 
PLETE, (CC), signal levels.are set, the first clock pulse sets 
the MSB output of the SAR, Am2502, to a logic 0 and sets all 
other parallel digital outputs to logic 1 levels. At the same 
time, the flip-flop is triggered, and its output provides the E/D 
input with a logic 0 level. No current flows into the Io¢ out- 
puts. This disconnects the converter from the comparator 
inputs, and the incoming analog signal can be compared 
with the ground applied to the opposite comparator input. 
The resulting comparator output is fed to the Am2502 serial 
data input, D, through an exclusive-or gate. At the same time, 
the second input to the same exclusive-or gate is held at a 
logic 0 level by the additional successive approximation 
logic shown in Figure 3. This exclusive-or gate inverts the 
comparator’s outputs whenever a negative signal polarity is 
detected. This maintains the proper output current coding, 
i.e., all ones for full scale and all zeros for zero scale. 


ANALOG INPUT 


(GROUNDED FOR 
SINGLE-ENDED [— ~~ 
INPUTS} 


ZT 25k2 


1/4 7486 


1/4 7486 


Figure 3. Detailed Encoder Connections. 


The second clock pulse changes the E/D input back to a logic 
1 level because the CC signal changed. It also clocks the D 
input signal of the Am2502 to its MSB output, and transfers it 
to the SB input of the Am6073. Depending upon the SB input 
level, current will flow into the Io¢(+) or Iog(—) output of the 
Am6073. 


Nine clock pulses are required to obtain a digital binary 
representation of the incoming analog signal at the eight 
Am2502 digital outputs. The resulting Am6073 analog out- 
put signal is compared with the analog input signal after 
each of the nine successive clock pulses. The analog signal 
should not be allowed to change its value during the data 
conversion time. In high speed systems, fast changes of the 
analog signals at the A/D system input are usually prevented 
by using sample and hold circuitry. 


Additional Considerations and Recommendations 


In Figure 1, an optional operational amplifier converts the 
Am6073 output current to a bipolar voltage output. When the 
SB input is a logic 1, sink current appears at the amplifier’s 
negative input, and the amplifier acts as a current to voltage 
converter, yielding a positive voltage output. With the SB 
value at a logic 0,,sink current appears at the amplifier’s 
positive input. The amplifier behaves as a voltage follower, 
and the true current outputs will swing below ground with 
essentially no change in output current. The SB input steers 
current into the appropriate (+) or (—) output of the Am6073. 
The resulting operational amplifier’s output in Figure 1 
should ideally be symmetrical with resistors R1 and R2 
matched. 


In Figure 2, two operational amplifiers measure the currents 
of each of the four Am6073 analog outputs. Resistor toler- 
ances of 0.1% give 0.1% output measurement error (approx- 
imately 2uA at full scale). The input offset currents of the A1 
and A2 devices also increase output measurement error and 
this error is most significant near zero scale. The Am101A 
and 308 devices, for example, may be used for A1 and A2 
since their maximum offset currents, which would add di- 
rectly to the measurement error, are only 10nA and 1nA 
respectively. The input offset voltages of the A1 and A2 
devices, with output resistor values of 2.5kQ, also contribute 
to the output measurement error by a factor of 400nA for 


START +5.0V 


Am2502 


SUCCESSIVE APPROXIMATION 
REGISTER (SAR) 


CONVERSION 
COMPLETE 


PARALLEL 
DATA 
OUTPUT 


E/D SB By Bz Bz By By Bg By 


Am6073 YR (+) 


COMPANDING 
0 TO ACONVERTER 


LIC-301 
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every mV of offset at the A1 and A2 outputs. Therefore, to 
minimize error, the offset voltages of A1 and A2 should be 
nulled. 


The recommended operating range for the reference current 
lner is from 0.1mA to 1.0mA. The full scale output current, 
Irs, is a linear function of the reference current, and may be 
calculated from the equation Ips = 3.94 Iper. This tight re- 
lationship between Iper and Irs alleviates the requirement 
for trimming the Iger¢ current if the Rrer resistor values 
are within +1% of the calculated value. Lower values of 
IREF Will reduce the negative power supply current, (I—), 
and will increase the reference amplifier negative com- 
mon mode input voltage range. 


The ideal value for the reference current Ipe¢ = Vrer/Rrer is 
512A. The corresponding ideal full scale decode and en- 
code current values are 2016uA and 2048,A, respectively. A 
percentage change from the ideal Ipe- value produced by 
changes in Vp_er or Rr_er Values produces the same percen- 
tage change in decode and encode output current values. 
The positive voltage supply, V+, may be used, with certain 
precautions, for the positive reference voltage Vre_r. In this 
case, the reference resistor Rreri+) should be split into two 
resistors and their junction bypassed to ground with a 
capacitor of 0.01F. The total resistor value should provide 
the reference current Ipes = 512A. The resistor Rrer_) 
value should be approximately equal to the Rrer+) value in 
order to compensate for the errors caused by the reference 
amplifier’s input offset current. 


An alternative to the positive reference voltage applications 
shown in Figures 1, 2 and 3 is the application of a negative 
voltage to the Va,_) terminal through the resistor Ree) 
with the Rrer(+) resistor tied to ground. The advantage of 
this arrangement is the presence of very high impedance at 
the Vp_) terminal while the reference current flows from 
ground through Rrer+) into the Vai+) terminal. 


The Am6073 has a wide output voltage compliance suitable 
for driving a variety of loads. With Ipeg =.5124A and V— 
—15V, positive voltage compliance is +18V and negative 


CMOS, HTL, NMOS 


2N3904 


TO PIN 10 
Vic 


R 
(400nA}) 


LIC-302 
(See Notes 2 and 3) 


Figure 4. Interfacing Circuits for ECL, CMOS, HTL, 
and NMOS Logic Inputs. 


Notes: 2. Set the voltage ““A” to the desired logic input switching threshold. 
3.. Allowable range of logic threshold is typically —5 V to +13.5V when operating the companding DAC on +15 V supplies. 
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voltage compliance is —5.0V. For other values of Inge and 
V-, the negative voltage compliance, Voc_), may be calcu- 
lated as follows: 

Voc(-) = (V-) + 2(IReF*e 1.55k) + 8.4V, 
where 1.55k0. and 8.4V are equivalent worst case values for 
the Am6073. 


The following table contains Voc_) values for some specific 
V-—, Ine, and Irg values. 


Negative Output Voltage Compliance Voc(—) 


256uA 512nA 1024.A 
(1mA) (2mA) (4mA) 


—12V 
—15V 
—18V 


The Vic input can accommodate various logic input switch- 
ing threshold voltages allowing the Am6073 to interface with 
various logic families. This input should be placed at a poten- 
tial which is 1.4V below the desired logic input switching 
threshold. Two external discrete circuits which provide this 
function for non-TTL driven inputs are shown in Figure 4. For 
TTL-driven logic inputs, the Vic input should be grounded. If 
negative voltages are applied at the digital logic inputs, they 
must have a value which is more positive than the sum of the 
chosen V-— value and +10V. 


With a V— value chosen between —15V and —11V, the 
Voci—), the input reference common mode voltage range, 
and the logic input negative voltage range are reduced by an 
amount equivalent to the difference between —15V and the 
V-— value chosen. 


With a V+ value chosen between +5V and +15V, the refer- 
ence amplifier common mode positive voltage range and the 
Vic input values are reduced by an amount equivalent to the 
difference between +15V and the V+ value chosen. 


DIGITAL INPUTS 


LIC-303 


INPUT CODE 
(E/D, SB, By,..., 





10 1111111 
10 1101111 
10 000 0000 


011111111 
011101211 
01 000 0000 
00 000 0000 
00 110 1111 
00 4111111 





Figure 5. Resistive Output Connections. 
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ADDITIONAL DECODE OUTPUT CURRENT TABLES 


Table 3 
Normalized Decoder Output (Sign Bit Excluded) 


STEP (S) 


OANONAWNH =O 


sms [ae fe ee pe | ee 


The normalized decode current, (I¢,s5), where C is chord number and S is step number, is calculated 
using: Ics = 2°(S + 16.5) for C = 1, and I¢,5 = 2S + 1 for C = 0. The ideal decode current, (lop), in uA is 
calculated using: lop = (I¢,s/l7,15(norm.))*!Fs(#A), where Ic,s is the corresponding normalized current. 
To obtain normalized encode values the corresponding normalized half-step value should be added to 
all entries in Table 3. 


Table 4 
Decoder Step Size Summary 


Step Size | Step Size as Resolution 

Step Size Step Size | Step Size in dB at | a % of Reading | & Accuracy 
Normalized.| in nA with | as a % of Chord at Chord of Equivalent 

to Full Scale | 2016A F.S.| Full Scale Endpoints Endpoints Binary DAC 


Sign + 11 Bits 
Sign + 11 Bits 
Sign + 10 Bits 
Sign + 9 Bits 
Sign + 8 Bits 
Sign + 7 Bits 
Sign + 6 Bits 
Sign + 5 Bits 


ees | 


Table 5 
Decoder Chord Size Summary 


Chord Endpoints Chord Endpoints Chord Endpoints Chord Endpoints 
Normalized in vA with as a % in dB Down 
to Full Scale 2016.A F. S. of Full Scale from Full Scale 


sone 





3-70 


Am6073 


BASIC CIRCUIT CONNECTIONS 


+10V RANGE ENCODER/DECODER COMPLIANCE EXTENSION 
CONNECTIONS USING AC COUPLED OUTPUT 


210V INPUT 
DIGITAL INPUTS DIGITAL INPUTS 
——<$S__—___—. 


TO A/D 
CONVERSION 
By Bg By Bg Bz Bz 8; SB £/0 (+) Locic B7 Bg By 8, Bz Bz By SBE/D (+) 


i} 
Vat) OF Ly 


OUTPUT 


IDEAL VALUES: 
IREF = 512A 


LIC-304 IFS = 2016yA LIC-305 





LOW INPUT IMPEDANCE CONNECTION HIGH INPUT IMPEDANCE CONNECTION 


DIGITAL INPUTS DIGITAL INPUTS 


Zin "Fin By 8g 85 Bg Bz By By SBE/D (4) 
Vats '0E (4 


Am6073 
Vai-} 


IREF = Vin/RIN + VREF/RREF+ IREF = (VReF — VIN)/RREF+ 
Irs ~ 4(IREF) lrg ~ 4(tREF) 
Rree— = ((RRee+) (Rin) /(RRee+ + Rin) LIC-306 LIC-307 


LOGARITHMIC DIGITAL GAIN CONTROL REFERENCE AMPLIFIER DYNAMIC TEST CIRCUIT 
(Notes 4, 5) 


ATTENUATION 
= 6dB/CHORD CHANNEL 


= : FREQUENCY 
.3dB/STEP = SELECT RESPONSE RF VOLTMETER 
20k2. 
TEST 
(Rrer) 
OSCILLOSCOPE 


= Ieee DISTORTION 
By Bg Bs Bg By By By SBE/D (4) ANALYZER 
NOE OUTPUT THD .001% 


LIC-308 LIC-309 


Notes: 4. Low distortion outputs are provided over 62dB range. 
5. Up to 4 channels of output may be selected by E/D and SB logic inputs. 
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TYPICAL PERFORMANCE CURVES 


Reference Amplifier 
Total Harmonic Distortion Reference Amplifier 
Versus Frequency (80kHz Filter) Reference Amplifier Input Common-Mode Range 
(Notes 6, 7, 8) Input Frequency Response (Note 9) 


; 
: HERE : ei 
SUT . ll eMed al] 


SMALL SIGNAL 
100mV PEAK 
































RELATIVE OUTPUT — dB 
OUTPUT CURRENT — mA 


LARGE SIGNAL 
INPUT +5V PEAK 
(50% 











TOTAL HARMONIC DISTORTION — % 














0 
10k = 100k -14-10 -6 -2 2 6 10 14 


FREQUENCY — Hz FREQUENCY — Hz REFERENCE COMMON-MODE VOLTAGE 
AT Vper PIN—V 


Output Current Versus 
Power Supply Currents Power Supply Currents Output Voltage 
Versus Power Supply Voltages Versus Temperature (Output Voltage Compliance) 











327 T,a= MIN to TMax 
= ty) | Eo 


























OUTPUT CURRENT — mA 
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kb = 
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0 0 0 
0 2.0 4.0 6.08.0 10 12 14 16 18 20 50 100 150 -14 -10 -6 -2 6 10 14 
POSITIVE OR NEGATIVE POWER SUPPLY — V TEMPERATURE — °C OUTPUT VOLTAGE — V 


Logic Input Current 
Versus Input Voltage 
Bit Transfer Characteristics and Logic Input Range Output Full Scale Current 
(Note 10) (Note 11) Versus Reference Input Current 


S 
w 
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ALL BITS “‘HIGH” 
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o 
|_| 
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° 
Nn 
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OUTPUT CURRENT — mA 
° 
a 
LOGIC INPUT CURRENT — zA 








OUTPUT FULL SCALE CURRENT, Ipg —mA 


oJ 
=12 = 4 0 4 


LOGIC INPUT VOLTAGE — V LOGIC INPUT VOLTAGE — V REFERENCE CURRENT, Ineg —mA LIC-310 


. THD is nearly independent of the logic input code. 

. Similar results are obtained for a high input impedance connection using Vp(—) as an input. 

. Increased distortion above 50kHz is due to a slew rate limiting effect which determines the large signal bandwidth. For an input of +2.5V peak (25% 
modulation), the bandwidth is 100kHz. 

. Positive common mode range is always (V+) —1.5V. 

. All bits are fully switched with less than a half step error at switching points which are guaranteed to lie between 0.8V and 2.0V over the operating 
temperature range. 

. The logic input voltage range is independent of the positive power supply and logic inputs may swing above the supply. 
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TIME SHARED CONVERTER CONNECTIONS 


SINGLE CHANNEL PCM CODEC — PARALLEL DATA 1/0 


RECEIVE 
COMMAND 


SAMPLE COMMAND ? 
FOR A XMT CYCLE <ISV | t0.0V 


ANALOG (Am)LF398 Am311 
INPUT 
xine 2.5kQ 
FILTER 


1/4 7486 


XMT 
ATTENUATOR 





RECEIVE 
ATTENUATOR 
SAMPLE COMMAND 


| FOR A RECEIVE CYCLE 
| 2.5kQ 


{Am)LF398 
ANALOG 
OUTPUT a 
RECEIVE 
FILTER vlad 


(Am)LF356 


ae 


APPLICATION INFORMATION 


1. To perform a transmit operation cycle the START pulse 
must be held low for one clock cycle; the receive opera- 
tion is performed without the successive approximation 
register, SAR. 

. XMT and RECEIVE command signals are mutually exclu- 
sive. 

. Duration of the RECEIVE command signal must 
accommodate the Am6073 settling time plus the sam- 
pling time required by the sample and hold, (S & H), 
circuit used at the CODEC’s analog output. The receiving 
data must not change during this time. 

. A XMT command signal must be issued after a high-to- 
low transition of the CONVERSION COMPLETE, CC, sig- 
nal. Its duration depends on the time required by the 
digital time division switch circuitry to sample the 8-bit 
parallel transmit data bus. 


. Data conversion for a transmit operation is completed in9 
clock cycles because the SAR must be initialized before 





E/D SB B 
) FD By By Bg 





. Asample command pulse for a receive operation must be 


. The code assignment for outgoing or incoming parallel 


START. 


CONVERSION 
COMPLETE 


Am2502 


SUCCESSIVE APPROXIMATION 
REGISTER (SAR) 
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Am8T26 


te | es 


OF R/E 


11 2 
7 9 





VREF 
+10V 


RReF+ 
19.53k2 


Am6073 
COMPANDING 
D TO ACONVERTER 


LIC-311 


every hew conversion. Data conversion for a receive op- 
eration corresponds to the Am6073 settling time; the re- 
ceiving and transmit data transfers can be done simul- 
taneously by employing separate transmit and receive 
data buses and utilizing data storage devices for the re- 
ceive data. 

A sample command pulse for a transmit operation can 
coincide with the START pulse; its duration depends on 
the sample and hold circuit used at the CODEC’s analog 
input. 


delayed from a low-to-high transition of the RECEIVE 
command signal by an amount equal to the Am6073 set- 
tling time. Its termination can coincide with a high-to-low 
transition of the RECEIVE command signal. 





data provides uncomplemented binary values for sig- 
nal sign and magnitude. The data bus, as a result, 
yields “high zeros” density for small signal amplitudes. 


Am6073 
TIME SHARED CONVERTER CONNECTIONS (Cont.) 


SINGLE CHANNEL PCM CODEC — SERIAL DATA 1/0 


+5.0V 
XMT RECEIVE 
COMMAND COMMAND 


-)) > 
1 


XMT DATA 


For a arr eveut : feo =— i eb | 
FOR A XMT CYCLE 
Hey 1/4 74126 rd ae 
g RECEIVE DATA 
pes fas bo fe | 
{Am)LF398-—am344 = 1 
ANALOG cc — 
INPUT 2.5kQ CONVERSION 
oor 1/4 7486 Am2502 __ | COMPLETE 
[ Zi ee > ! 7 
1/4 74126 
XMT -18V 1/4 7486 
ATTENUATOR 
Vv 
REF 
si ie 


RRrer+ 
19.53k2 


1/4 7486 


E/D SB B, By By By Bs Bg B 
RECEIVE 1 Bz Bz Bq Bs Bg Bz 


ATTENUATOR SAMPLE COMMAND 


FOR A RECEIVE CYCLE Am6073 vats) 
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(Am)LF398 COMPANDING 
| D TO ACONVERTER caer 
ANALOG 
PUT - 
L receive | CUTPU ae a 
FILTER ; i 


(Am)LF356 
LIC-312 


APPLICATION INFORMATION 

gister, with data supplied from data storage devices. 

1. Before beginning either a transmit or a receive operation, 5. A sample command pulse for a transmit cycle must be is- 
the START signal must be held low for one complete clock sued before a XMT command signal; its duration depends 
cycle. on the sample and hold, S & H, circuit used. 

2. XMT and RECEIVE command signals are mutually exclu- .A sample command pulse for a receive cycle must be de- 
sive. Their durations must accommodate the time required layed by a time equal to the Am6073 settling time after a 
for conversion of an outgoing or an incoming series of 8 di- high-to-low transition of the CONVERSION COMPLETE, 
gital bits, respectively. CC, signal occurs. 

3. Data conversion for either operation, transmit or receive, is 


° . The code assignment for outgoing or incoming parallel 
completed in 9 clock cycles. 


data provides uncomplemented binary values for sig- 
4. During the receive cycle the successive approximation re- nal sign and magnitude. The data bus, as a result, 
gister, SAR, is acting as a serial-in to parallel-out shift re- yields “high zeros” density for small signal amplitudes. 


8 LINE CODEC TDM PCM/PABX SYSTEM — BLOCK DIAGRAM 
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CCITT A—LAW COMPANDOR TRACKING SPECIFICATION COMPANDOR TRACKING TEST BLOCK DIAGRAM 


(HP-200CD 
OSCILLATOR 
OR EQUIVALENT) 











CCITT A—-LAW 
SPECIFICATION 
(MAXIMUM) 














GAIN DEVIATION — dB 

















SPECIFICATION 
(MAXIMUM) 


(HP-400D 
VOLTMETER 
OR EQUIVALENT) 














INPUT SIGNAL LEVEL — dBmo 
LIC-314 LIC-315 


CCITT NOISE AND DISTORTION SPECIFICATION 


The Am6073 has a negligible idle channel noise contribution. Signal-to-quantizing-distortion ratio, (S/D), 
is guaranteed to exceed the minimum values specified for PCM channels at audio frequencies as 
follows: 


Input Level 1020 Hz Sinewave S/D, C-Message Weighting 


0 to —30 dBmo 33 dB 
At —40 dBmo 27 dB 
At —45 dBmo 22 dB 


Metallization and Pad Layout 





e€/D 
V+ 





VREF (+) 








lop{-) 





VREF(-) lop t+) 
v- lor (-) 
'oE t+) 


80 X 114 Mils 
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Microprocessor System Compatible 8-Bit High Speed Multiplying D/A Converter 


DISTINCTIVE CHARACTERISTICS 


8-Bit D/A with 8-Bit input data latch 

Compatible with most popular microprocessors including the 
Am9080A-4 and the Am2900 

Write, Chip Select and Data Enable logic on chip 

DAC appears as memory location to microprocessor 

MSB inversion under logic control 

Differential current output 

Choice of 6 coding formats 


GENERAL DESCRIPTION 


The Am6080 is a monolithic 8-bit multiplying Digital-to-Analog 
converter with an 8-bit data latch, chip select and other control 
signal lines which allow direct interface with microprocessor 
buses. 


The converter allows a choice of 6 different coding formats. The 
most significant bit (D7) can be inverted or non-inverted under the 
control of the code select input. The code control also provides a 
zero differential current output for 2’s complement coding. A high 
voltage compliance, complementary current output pair is pro- 
vided. The data latch is very high speed which makes the 
Am6080 capable of interfacing with high speed microprocessors. 


Monotonic multiplying performance is maintained over a more 
than 40 to 1 reference current range. Matching within +1 LSB 


EQUIVALENT CIRCUIT 


LSB MSB CODE 
Do Dy Dz D3 Dg Ds Dg D7 SEL V+ 
© O O 


Fast settling current output —160ns 

Nonlinearity to +0.1% max over temperature range 
Full scale current pre-matched to +1 LSB 

High output impedance and voltage compliance 

Low full scale current drift — +5ppm/°C 

Wide range multiplying capability —2.0MHz bandwidth 
Direct interface to TTL, CMOS, NMOS 

High speed data latch — 80ns min write time 


between reference and full scale current eliminates the need for 
full scale trimming in most applications. 


The Am6080 guarantees full 8-bit monotonicity. Nonlinearities as 
tight as 0.1% over the entire operating temperature range are 
available. Device performance is essentially unchanged over the 
full power supply voltage and temperature range. 


Applications for the Am6080 include microprocessor compatible 
data acquisition systems and data distribution systems, 8-bit A/D 
converters, servo-motor and pen drivers, waveform generators, 
programmable attenuators, analog meter drivers, programmable 
power supplies, CRT display drivers and high speed modems. 


CONNECTION DIAGRAM 
Top View 


v+[_] 20 POSITIVE POWER SUPPLY 


e 
LJ cope set 


CODE SELECT 
(MSB) D7 INPUT 1g [_J 19 OUTPUT 
Dg INPUT Io {_] 18 OUTPUT 
Ds INPUT v—|_] 17 NEGATIVE POWER SUPPLY 
D4 INPUT comp [|_|] 16 COMPENSATION 
D3 INPUT VReF(—-) |_| 15 NEGATIVE REFERENCE 
Dp INPUT VRer(+) |_| 14 POSITIVE REFERENCE 


Dy INPUT DE [_] 13 DATA LATCH ENABLE 


(LSB) Dp INPUT 


GND 10 [_} GND 


WI] 12 WRITE 


Cs [_]-11 CHIP SELECT 


Pin 1 marked for orientation. 


LIC-061 


ORDERING INFORMATION 


Order: 
Number 


Package 
Type 


Temperature 


Range Nonlinearity 


Hermetic - ‘ 1% Am6080ADM 

pie | ee et ee Am6080DM 
1% | Am6080ADC 

DIP Lene 19% | Am6080DC 
. 1% | Am6080APC 

DIP 19% | Am6080PC 


Hermetic 


Molded 
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MAXIMUM RATINGS 


Operating Temperature Power Supply Voltage +18V 
Am6080ADM, Am6080DM —55°C to +125°C | Logic Inputs —5V to +18V 


Am6080ADC, Am6080DC Analog Current Outputs —12V to +18V 


Am6080APC, Am6080PC 0°C to +70°C TReterence Inputs (ViaVis) Voto Vi 


Storage Temperature ~65°C to +150°C | Reference Input Differential Voltage (V4 to V15) +18V 
Lead Temperature (Soldering, 60 sec) 300°C | Reference Input Current (114) 1.25mA 





ELECTRICAL CHARACTERISTICS 


These specifications apply for V, = +5V, V_ = —15V, Iper = 0.5mA, over the operating temperature range unless otherwise specified. 
Output characteristics refer to all outputs. 


Am6080A Am6080 


Parameter Description Conditions in. : ‘ in. : Max. Unit 


Differential 
eve 
Veer = 10.000V 
Ri4 = Ris = 20.000kN. 2.008 mA 
+40 
8 


+2 4 ppm/°C 
1 

















0 
. 0005 | +.002 
Output Voltage 
Compliance 
= z 
fis [ze Sea Gwen | ——S~S~SS SY 
Reference Current 


oO 
ph 








Range 











Logic Input Current Vin = —5V to +18V 





R44(EQ) = 8000 
CC = OpF 4.0 8.0 


= +4,5V to +5.5V, V— = —15V +0.01 
= -—13.5V to — 16.5V, V+ = +5V +0.01 








4.5 





Logic Input Swing V-— = —15V +1 
0 -2 
14 


-7 


IREF = 0.5mA, Vout = 0V c | 18 
147 
| =9.9 | 


V+ = +5V, V- = -5V 
Power Suppl . 14.7 
ae V+ = +5V, V- = -15V 
Current 





1 
8 
0 
7 


-7.4 


14.7 
Vi = HBV, V— = —18V sui 


V+ = +5V, V-— = -5V 


V+ = +5V, V— = -15V 


NI 
bh 





Dissipation 


| 
© 
ve) 


V+ = +15V, V— = -15V 
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Am6080 FUNCTIONAL PIN DESCRIPTION DE 

Symbol! Function : 

Do-D7 Do-D7 are the input bits 1-8 to the input data latch. CODE 
Data is transferred to the data latch when CS, DE, SEL 
and W are active and is latched when any of the 
enable signals go inactive. 

cs Chip Select — This active low input signal enables 
the Am6080. Writing into the data latch occurs only 
when the device is selected. COMP 

Ww Write — This active low control signal enables the lo; Io 


data latch when the CS and DE inputs are active. 


VreF(+) Positive and negative reference voltage to the ref- 
. VReF(—) erence bias amplifier. These differential inputs allow 





Data Latch Enable — This active low input is used 
to enable the data latch. The CS, DE, and W must 
be active in order to write into the data latch. 


Code Select — When CODE SEL = 0, the MSB (D7) is 
inverted and 1 LSB balance current is added to the 
Io Output. 


the use of positive, negative and bipolar references. 


Compensation — Frequency compensating terminal 
for the reference amplifier. 


These are high impedance complementary current out- 
puts. The sum of these currents is always equal to Irs 











DATA LATCH CONTROL 


Data Latch 
Transparent 
Latched 
Latched 
Latched 





WwW 
0 
X 








= 





X = Don't Care 


AC CHARACTERISTICS 







































FUNCTION TABLES 


CODE SELECT 


CODE 
SEL Function 


0 MSB Inverted (Note 1) 
1 MSB Non-inverted 


Note 1. LSB balance current is added to the Io output. 






































Vi = +5V, V_ = -15V, Iperf = 0.5mA, R_ < 5002, CL < 15pF over the operating temperature range unless otherwise specified 
Commercial Military 
Temp. Grades Temp. Grades 
Parameter Description Conditions Min. Typ. Max. Unit 
ts Settling Time, All Bits Switched _ 
tPLH Propagation Ta = 25°C 
tpHL Delay All bits switched | 50% to 50% 
| ton Data Hold Time See timing diagram 
Data Set Up Time See timing diagram 
Data Write Time See timing diagram 








tow is the overlap of W low, CS low, and DE low. All three signals must be | 
ts is measured with the latches open from the time the data becomes stab 
+1/2 LSB. All bits switched on or off. 


Notes: 1. 
2. 


3. 


TIMING DIAGRA 


Ww 
(NOTES 1, 3) 








ow to enable the latch. Any signal going inactive latches the data. 
le on the inputs to the time when the outputs are settled to within 


The internal time delays from CS, W and DE inputs to the enabling of the latches are all equal. 


M 


tos tox 
KKK Kenensrs | KKK AKAN 


output 'o 
(NOTE 2) ;— 
lo 


3-78 





LIC-063 


Am6080 


APPLICATION HINTS: 


1. 





Reference current and reference resistor. 

There is a 1 to 4 scale up between the reference current (Incr) 
and the full scale output current (I¢s). If Vreg = +10V and les 
= 2mA, the value of the Rj, is: 


es ETON ON oer 
" 2mA 
LIC-064 


. Reference amplifier compensation. 


For AC reference applications, a minimum value compensa- 
tion capacitor (Cc) is normally used. The value of this 
capacitor depends on R,s. The minimum values to maximize 
bandwidth without oscillation are as follows: 
Reference Amplifier Output Voltage 
Frequency Response Compliance 
ALL BITS ON 


Table 2 
Compensation Capacitor 
(Ips = 2mA, IREF = 0.5mA) 


Rrer (kQ) Cc (pF) 




















LARGE SIGNAL +50% _ 
MODULATION OF 2mA 
FULL SCALE CURRENT 


SMALL SIGNAL +1% 
MODULATION OF 2mA —1_1 
FULL SCALE CURRENT __| 











OUTPUT CURRENT — mA 





RELATIVE OUTPUT — dB 


























0 
-14-10-6 -2 2 6 10 14 18 


0.1 


FREQUENCY — MHz OUTPUT VOLTAGE — VOLTS 


A 0.01uF capacitor is recommended for the fixed reference operation. 
LIC-065 LIC-066 





Reference Configuration 


Positive Reference 





Negative Reference —VpR_/Ri4 


Lo Impedance Bipolar (VR+/Ry4) + (Vin/Rin) 
Reference mi (Note 2) 

Hi Impedance Bipolar (Va+ — Vin)/Ri4 
Reference VR+ VIN roles!) (Note 3) 

Pulsed Reference (Note 4) Va4 (VR4/Ry4) + (Vin/Rin) 


Notes: 1. The compensation capacitor is a function of the impedance seen at the +Vper input and must be at least C = S5pFX Ry4(eq) in 
kQ.. For Ry4 < 8002 no capacitor is necessary. 
2. For negative values of Vin, Va4/R14 must be greater than —Viy Max/Rjj so that the amplifier is not turned off. 
3. For positive values of Viy, Va4 must be greater than V;y Max so the amplifier is not turned off. 
4. For pulsed operation, Vp+ provides a DC offset and may be set to zero in some cases. The impedance at pin 14 should be 8002 or less 
and an additional resistor may be connected from pin 14 to ground to lower the impedance. 
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CODE SEL 


VREF(+) 
Am6080 
VREF(-) 


OPTIONAL 
(NOTE 1) 


CODE FORMAT 


Straight binary: one 
polarity with true input 
code, true zero output. 


UNIPOLAR 


Complementary binary: 
one polarity with 
complementary input 
code, true zero output. 


Straight offset binary: 
offset half scale, 
symmetrical about zero, 
no true zero output. 


SYMMETRICAL 


OFFSET : 
1's complement: 


offset half scale, 

symmetrical about zero, 

no true Zero output (Note 1) 
MSB complemented.- 

(need inverter at D7) 


Offset binary: 
offset half scale, 
true zero output 0 
MSB complemented (Note 1) 
remainder add to Io. 
OFFSET (need inverter at D7) 

WITH 

TRUE 

ZERO 2’s complement: 
offset half scale 
true zero output 
MSB complemented. 


Note 1: An external inverter is necessary since the code select inverts the MSB and adds a 1 LSB balance current to io. Only one of these features is 


desired for this code. 


ADDITIONAL CODE MODIFICATIONS 


i CONNECTIONS OUTPUT SCALE 


Positive full scale 
Positive full scale — LSB 
Zero scale 


Positive full scale 
Positive full scale — LSB 
Zero scale 


Positive full scale 
Positive full scale - LSB 
(+) Zero scale 

(—) Zero scale 

Negative full scale — LSB 
Negative full scale 


Positive full scale 
Positive full scale —- LSB 
(+) Zero scale 

(—) Zero scale 

Negative full scale — LSB 
Negative full scale 


Positive full scale 
Positive full scale — LSB 
+ LSB 

Zero scale 

- LSB 

Negative full scale + LSB 
Negative full scale 
Positive full scale 
Positive full scale — LSB 
+1LSB 

Zero scale 

-1LSB 

Negative full scale + LSB 
Negative full scale 


OUT MSB 
SEL D7 D6 D5 D4 D3 D2 D1 


«mK KK KOK OK KK KOK OK OK KK OK OK KK 


=~=-==90090 00/0004 


ooroosts+j0o0o+00+ 4 


1. Any of the offset binary codes may be complemented by reversing the output terminal pair. 
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ooroos-+ti/0o0-00+—- 


OP AMP 


oor-oorts+|/0o0 +002 


ooroo~-stjoo-00>-— 


ooroo-=4|00=-00-7 4 


oo-oo+7+(/00-00-— 


LSB 
DO 


Osa 4204 04/024 OA Oa 





Am6080 


SYSTEM APPLICATIONS 
Am9080A DATA SYSTEM 


ADDRESS BUS 


CHIP 
SELECT 
DECODER 


DATA BUS 


“ CODE 
Am9080A Do-D7 SEL 
SYSTEM 


Am6080 


WRITING DATA INTO THE Am6080 (2’s Complement) 


PORT 1 ‘-EQU OOH OUTPUT PORT ADDRESS 
MOV A, M :GET DATA FROM MEMORY 


OUT 0 PORT1 ‘SEND DATA 
LIC-069 


Am2900 DATA SYSTEM: MULTIPLE ANALOG INPUTS 


DATA BUS 


COMMAND 
REGISTER 
Am25LS374 


»u PROGRAM » INSTRUCTION 1:8 


SEQUENCER DECODER MUX 
(2) Am2911 Am29811A a Am25S151 


CONTROL STORAGE 
(6) Am27S11 
256 x 24PROM 


OUTPUT 1 


CHIP SEL 


OTHER 
CONTROL 


(DMARQ, 


INTRQ, 
RDY) 
3 
aa CODE Do-D, 
DECODER SEL 
Am6080 OUTPUT 8 
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LIC-070 





Am6080 


SYSTEM APPLICATIONS (Cont.) 


ANALOG/DIGITAL CONVERTER UNDER 
SOFTWARE CONTROL 


ANALOG 
INPUT 


ADDRESS 
DECODE 
LoGIc 


DATA BUS 


LIC-071 


Am9080A SOFTWARE FOR A/D CONVERSION USING Am6080. 


SEQ SOURCE STATEMENT SOURCE STATEMENT 


0 PORTI EQU 00H ;6080 A/O PORT ADDRESS IN PORT3 ;INPUT FROM COMP 
1 PORTS EQU 02H ;COMPARATOR ADDRESS CRA A ;SET SIGN FLAG 
2 ORG 3E50H JM NEXT ;1F SMALLER GO TO NEXT BIT 
3 START: LXISP,STAKS—16 = jINITIAL STAKS POINTER MOV D,E SAVE RESULT 
4 SAMPLE: CALL ADCON ;CALL A/D CONVERSATION MOV A,B ;GET NEXT TRIAL BIT 
5 JMP SAMPLE |NEXT SAMPLE RAR SHIFT RIGHT ONCE 
6 ADCON: XRAA :CLEAR ACC RG “RETURN ON CARRY 
MOV D,A ;CLEAR D REG MOV B,A STORE TEST BIT 
STC ;SET CARRY ADD D “ACCUMULATE RESULT 
RAR ;SET BIT 7 TO 1 JMP LOOP TRY NEXT BIT 
10 MOV B,A ;STORE TEST BIT AT B REGISTER 23 STAKS: DS 16 
11 LOOP: MOV E,A STORE TEST WORD 24 END START 
12 OUT PORT1 ;OUTPUT TO A/D 
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APPLICATIONS 


Instrumentation and Control 


Data Acquisition 

Data Distribution 

Function Generation 

Servo Controls 

Programmable Power Supplies 
Digital Zero Scale Calibration 
Digital Full Scale Calibration 
Digitally Controlled Offset Null 


Audio 


Music Distribution 

Digitally Controlled Gain 
Potentiometer Replacement 
Digital Recording 

Speech Digitizing 


Am6080 


Signal Processing 

CRT Displays 

IF Gain Control 

8 x 8 Digital Multiplication 
Line Driver 


A/D Converters 


Ratiometric ADC 
Differential Input ADC 
Microprocessor Controlled ADC 


D/A Converters 


Single Quadrant Multiplying DAC 
Two Quadrant Multiplying DAC 
Four Quadrant Multiplying DAC 





Metallization and Pad Layout 


Do Dy; Dg Dy 04 Ds Dg 





ae ES 


VREF(+) 





vont eee 


2 D7 








VREF(-) 


DIE SIZE 0,085” X 0.124” 
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Am6081 


Microprocessor System Compatible 8-Bit High Speed Multiplying D/A Converter 


DISTINCTIVE CHARACTERISTICS 


® 8-Bit D/A with 8-Bit input data latch 
@ Compatible with most popular microprocessors including 
the Am9080A-4 and the Am2900 
Write, Chip Select and Data Enable logic on chip 
DAC appears as memory location to microprocessor 
MSB inversion under logic control 
Differential current outputs 
Output current mode multiplexer with logic selection 
2-Bit status latch for output select and code select 
Choice of 8 coding formats 


GENERAL DESCRIPTION 


The Am6081 is a monolithic 8-bit multiplying Digital-to-Analog 
converter with an 8-bit data latch, a 2-bit status latch, chip 
select and other control signal lines which allow direct inter- 
face with microprocessor buses. 


The converter allows a choice of 8 different coding formats. 
The most significant bit (D7) can be inverted or non-inverted 
under the control of the code select input. The code control 
also provides a zero differential current output for 2’s com- 
plement coding. A pair of high voltage compliance, dual com- 
plementary current output channels is provided and is 
selected by the output status command. The output multi- 
plexer also allows analog bus connection of several convert- 
ers, range or output load selection, and time-shared operation 
between D/A and A/D functions. The data and status latches 
are high speed which makes the Am6081 capable of interfac- 
ing with high speed microprocessors. The DE and SE control 
signals allow the data and status latches to be updated 


EQUIVALENT CIRCUIT 


LSB _MSB 
DoD 402D03D4D5D_ D7 





LIC-001 


Fast settling current output — 200ns 

Nonlinearity to +0.1% max over temperature range 
Full scale current pre-matched to +1 LSB 

High output impedance and voltage compliance 

Low full scale current drift — +5ppm/°C 

Wide range multiplying capability -2.0MHz bandwidth 
Direct interface to TTL, CMOS, NMOS 

Output range selection with on chip multiplexer 

High speed data latch — 80ns min write time 


individually or simultaneously. 


Monotonic multiplying performance is maintained over a more 
than 40 to 1 reference current range. Matching within +1 LSB 
between reference and full scale current eliminates the need 
for full scale trimming in most applications. 


The Am6081 guarantees full 8-bit monotonicity. Nonlinearities 
as tight as 0.1% over the entire operating temperature range 
are available. Device performance is essentially unchanged 
over the full power supply voltage and temperature range. 


Applications for the Am6081 include microprocessor compati- 
ble data acquisition systems and data distribution systems, 
8-bit A/D converters, servo-motor and pen drivers, waveform 
generators, programmable attenuators, analog meter drivers, 


‘programmable power supplies, CRT display drivers and high 


speed modems. 


CONNECTION DIAGRAM 
Top View 


e 
CODE SELECT 1[ | CODESEL v+ [__] 24 POSITIVE POWER SUPPLY 


(MSB) D7 INPUT OUT SEL |__| 23 OUTPUT SELECT 


Dg INPUT 10g [__] 22 OUTPUT? 
Ds INPUT 102 [__] 21 output 2 
D4 INPUT 10; |__] 20 OUTPUT 1 


D3 INPUT : 10, [__] 19 OUTPUT 1 
Am6081 
D2 INPUT v- [_] 18 NEGATIVE POWER SUPPLY 


D, INPUT | _] 17 COMPENSATION 


(LSB) Dy INPUT 9[__| Vrer(—-) |__] 16 NEGATIVE REFERENCE 


CHIP SELECT 10 [_ | CS [ _] 15 POSITIVE REFERENCE 


write 11 [_ |] W [ _] 14 STATUS LATCH ENABLE 


GROUND 12 [__| GND DE [__] 13 DATA LATCH ENABLE 


LIC-002 


ORDERING INFORMATION 


Package 
Type 
Hermetic 


Range 


Temperature 


Order 


Nonlinearity ©Number 


; : +.1% |Am6081ADM 
DIP 55°C to +125°C Am6081DM 


Hermetic Am6081ADC 
+.19% | |Am6081DC 
0°C to +70°C ace cael baal 
Molded +.1%  |Am6081APC 
DIP +.19%  |Am6081PC 
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Am6081 FUNCTIONAL PIN DESCRIPTION 


Symbol Function 


Chip Select — This active low input signal enables 
the Am6081. Writing into the data or status latches 
occurs only when the device is selected. 


Data Latch Enable — This active low input is used 
to enable the data latch. The CS, DE, and W must 
be active in order to write into the data latch. 


Status Latch Enable — This active high input is 
used to enable the status latches. The CS, SE, 


Am6081 


Code Select — Input to the CODE SEL latch. The 
latch is transparent when CS, SE and W are ac- 
tive and is latched when any of the above signals 
go inactive. When CODE SEL latch = 0, the MSB 
(D7) is inverted and 1 LSB balance current is 
added to the Ip output. 


Output Select — Input to the OUT SEL latch. The 
latch is transparent when CS, SE and W are ac- 
tive and is latched when any of the above signals 
go inactive. When the OUT SEL latch is low, the 
channel 1 output pair (I91, 191) is selected. When 
the OUT SEL latch is high, the channel 2 output 
pair (I92, Io2) is selected. 


and W must be active in order to write into the 


status latches. VreF(+) Positive and negative reference voltage to the ref- 


VREF(—) erence bias amplifier. These differential inputs allow 
Write — This active low contro! signal enables the the use of positive, negative and bipolar references. 
data and status latches when the CS, DE, and SE 


; : COMP Compensation — Frequency compensating terminal 
inputs are active. 


for the reference amplifier. 


lo1, 91 These high impedance current output pairs are 

lo2, lo2 selected by the output select latch. Io; and Io2 are 
true outputs and [9, and Io2 are complementary 
outputs. 


Do-D7 are the input bits 1-8 to the input data latch. 
Data is transferred to the data latch when CS, DE, 
and W are active and is latched when any of the 
enable signals go inactive. 


FUNCTION TABLES 


CODE SELECT AND 


DATA LATCH CONTROL STATUS LATCH CONTROL OUTPUT SELECT. 


CODE OUT 
SEL SEL Function 


0 | — | NSB iveed tei | 
7 [= [se Nerinvered | 


| - | 0 Output Channel 1 
| - | 1 Output Channel 2 


CODE SEL and 
OUT SEL Latch 


Latched 


Data Latch 





X = Don't Care 


Note 1. 1LSB balance current is added to the Io output. 





MAXIMUM RATINGS 





| 








Operating Temperature 
Am6081ADM, Am6081DM 


Am6081ADC, Am6081DC 
Am6081APC, Am6081PC 


—55°C to +125°C 


0°C to +70°C 


-65°C to +150°C 
300°C 


Storage Temperature 


Lead Temperature (Soldering, 60 sec) 





GUARANTEED FUNCTIONAL SPECIFICATIONS 


Resolution 


Monotonicity 





Am6081 
ELECTRICAL CHARACTERISTICS 


These specifications apply for Vi = +5V, V_ = —15V, Ipeg = 0.5mA, over the operating temperature range unless otherwise specified. 
Output characteristics refer to all outputs. 


Am6081A Am6081 
Parameter Description Conditions Min. Typ. Max. Min. Typ. Max. Unit 


| | Resolution =| Straight coding/Sign Magnitude 8/9 








| | Monotonicity Straight coding/Sign Magnitude 8/9 8/9 8/9 8/9 


Differential 
gna cn 
NL [Renineaity | 


Vrer = 10.000V 
Full Scale Current Ris = Rig = 20.000kN 


%FS 


%FS 


I+ 
oO 
= 
o 


o [+ I+ + It 
— —_ . 
a o Oo o a 





1.976 


2.008 


FS mA 





Ta = 25°C 


+10 +40 | ppm/°C 


+,002 +,004 |%FS/°C 
: mm f= 
igee sence ipeqe = Ins or Ike lea +01 +0.2 A 
tori, les1 — lege or lFs1 — Iso = 5 ue 


Output Disable 
Current 


Reference Current = 
Range = 
wef 
ee) 
Logic Input Current Vin = —5V to +18V 
Logic Input Swing V- = -15V 


Reference Bias 
Current 
aia Reference Input Ris(eq) = 800 
Slew Rate CC = OpF 


PSSlrs+ | Power Supply V+ = +4.5V to +5.5V, V— = —15V 
PSSlIps_ Sensitivity V-— = —13.5V to — 16.5V, V+ = +5V 


Power Supply _ 7 


V+ = +5V, V- = -—5V 


Power Supply 
V+ = +5V, V— = -15V 
Current 
V+ = +15V, V— = —15V 


V+ = +5V, V- = -5V 
V+ = +5V, V— = -15V 
V+ = +15V, V— = -15V 


it it 
nm | 
oO °o 
x 3 E IF :s 
= a > | > 





Output of mpx “Off” Channels 0.01 


oa 


0.55 


> 


sial 8 |e 
2 
_ 








Vv 
IL Volts 





.~ 
> 


wn 
n 


Vv 
Vv +1 


+18 Volts 


z 
> 





mA/us 


| 


+0.0005 
+0.0005 


+0.01 
+0.01 


+0.0005 
+0.0005 


+0.01 
+0.01 





> 
a 


pS 


Volts 


IH 
IS 
V+ 

v- 

I+ 


4 4 


N“N 


-7 


+ 


_ 


rs rs = 
1. sibe | a 


4 


> 


m 
-7 


pS 
> 


_ —_ 
N N 


_ 
> 
NI 


| 1 
N N 
az 


-7 


b 
I 
NI 
az 











123 
Power 


Dissipation 


3 


369 
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Am6081 


AC CHARACTERISTICS 
V4 = +5V, V_ = -15V, Iper = 0.5mA, Ry < 5000, CL < 15pF over the operating temperature range unless otherwise specified 


Commercial Military 
Temp. Grades Temp. Grades 


Parameter Description Conditions 


Settling Time, All Bits Switched Sica Sunes 
Propagation Each bit Ta = 25°C 

Delay All bits switched 50% to 50% 
Output Switch Settling Time oe. = Hie 


Output Switch Propagation Ta = 25°C, 
Delay ; 50% to 50% 


Data Hold Time 
Data Set Up Time 
Data Write Time 
Status Hold Time 
Status Set Up Time 
Status Write Time 











Notes: 1. tpw is the overlap of W low, CS low, and DE low. Alll three signals must be low to enable the latch. Any signal going inactive latches the data. 
2. ts is measured with the latches open from the time the data becomes stable on the inputs to the time when the outputs are settled to within 
+1/2 LSB. All bits switched on or off. 
3. tsy is the overlap of W low, CS low and SE high, all three signals must be active to enable the latch and any signal going inactive will latch 
the data. 
4. The internal time delays from CS, W, SE and DE inputs to the enabling of the latches are all equal. 


TIMING DIAGRAM 


Ww 
(NOTES 1, 4) 


KK Kormesrs | OOK 





Ww 
(NOTES 3, 4) 


wi HXKK Kr] KKK 


ts 





output !o 
(NOTE 2) ;~ 
lo 
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Am6081 


APPLICATION HINTS VREF v- 


1. Reference current and reference resistor 
There is a 1 to 4 scale up between the reference current (Iper) 
and the full scale output current (I_es). If Vree = +10V and Ips 
= 2mA, the value of the Ri4¢ is: 
4x 10 Volt aonee 
Ris = ——— = 20K. FS 


amA id Rig = Ris 







—— les 


v- 





Am6081 


Ris = 


LIC-004 


2. Reference amplifier compensation 
For AC reference applications, a minimum value compensa- 
tion capacitor (C.¢) is normally used. The value of this 
capacitor depends on Rys. The minimum values to maximize 
bandwidth without oscillation are as follows: 


Output Voltage 
Compliance 
ALL BITS ON 


Reference Amplifier 


Frequency Response 
Table 2 7 ¥ P 


Compensation Capacitor 
(les = 2mA, IREF = 0.5mA) 

















Rrer (kQ) Cc (pF) 





LARGE SIGNAL 50% S 


MODULATION OF 2mA 
FULL SCALE CURRENT 


OUTPUT CURRENT — mA 


SMALL SIGNAL +1% 
MODULATION OF 2mA 
FULL SCALE CURRENT a 
ii] 
1 








RELATIVE OUTPUT — dB 























0 
—14—~10-6 -2 2 6 10 14 18 
.01 0.1 1.0 





OUTPUT VOLTAGE -— VOLTS 


FREQUENCY — MHz LIC-005 LIC-006 


A 0.01F capacitor is recommended for the fixed reference operation. 





Reference Amplifier Biasing 










Am6081 


LIC-007 


Reference Configuration 


Positive Reference 


















Lo Impedance Bipolar Was las) + (Vin/Rin) 
Hi Impedance Bipolar noe — Vin)/ Ris 


Notes: 1. The compensation capacitor is a function of the impedance seen atthe + Vp_r input and must be at least C = SpF x Ry5;eq) (ink). For 
Ri5 < 8000 no capacitor is necessary. 
2. For negative values of Vin, Va+/R15 must be greater than —Vjy Max/Rjy so that the amplifier is not turned off. 
3. For positive values of Vin, Va+ must be greater than Vjj Max so the amplifier is not turned off. 
4. For pulsed operation, VR4 provides a DC offset and may be set to zero in some cases. The impedance at pin 15 should be 
8002 or less and an additional resistor may be connected from pin 15 to ground to lower the impedance. 
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UNIPOLAR 


SIGNED 
MAGNITUDE 


SYMMETRICAL 
OFFSET 


CODE SEL 


VREF(+) 


VREF(-) 


OPTIONAL 


Straight binary: one 
polarity with true input 
code, true zero output. 


Complementary binary: 
one polarity with 
complementary input 
code, true zero output. 


Signed magnitude binary: 
8 bits + sign reflected 
code, overlapping 

true zero output. 


Complementary signed 
magnitude: 


8 bits + sign complementary 


reflected code, overlapping 
true zero output. 


Straight offset binary: 
offset half scale, 
symmetrical about zero, 
no true zero output. 


1’s complement: 

offset half scale, 
symmetrical about zero, 
no true zero output 
MSB complemented. 
(need inverter at D7) 


Offset binary: 

offset half scale, 
true zero output 
MSB complemented 
remainder add to Io. 
(need inverter at D7) 


2’s complement: 
offset half scale 
true zero output 
MSB complemented. 


(NOTE 1) 


MSB 


LSB 


OP AMP 


Note: Connect all unused outputs to ground. 


1 
(Note 1) 


Positive full scale 
Positive full scale - LSB 
Zero scale 


Positive full scale 
Positive full scale 
Zero scale 


Positive full scale 
Positive full scale — LSB 
(+) Zero scale 

(—) Zero scale 

Negative full scale - LSB 
Negative full scale 


Positive full scale 
Positive full scale — LSB 
(+) Zero scale 

(-) Zero scale 

Negative full scale — LSB 
Negative full scale 


Positive full scale 
Positive full scale — LSB 
(+) Zero scale 

(—) Zero scale 

Negative full scale - LSB 
Negative full scale 


Positive full scale 
Positive full scale - LSB 
(+) Zero scale 

(—) Zero scale 

Negative full scale — LSB 
Negative full scale 


Positive full scale 
Positive full scale — LSB 
+ LSB 

Zero scale 

— LSB 

Negative full scale + LSB 
Negative full scale 
Positive full scale 
Positive full scale — LSB 
+1LSB 

Zero scale 

—1LSB 

Negative full scale + LSB 
Negative full scale 


OUT MSB 
SEL D7 D6 D5 D4 D3 D2 D1 


<x x * *K KK OK) KOK KOKO OK KY OK OK OK OK OK OX 
COCOA =|0D0-00--4 
CoOA00Hslo0-coOA4 


“~4-=COC00}jD00O42-4 
CO-00H-=al00-=00-H4 


ooroo-"-+f0o0+-00-—4 


Am6081 





LIC-008 





Note 1: An external inverter is necessary since the code select inverts the MSB end adds a 1 LSB balance current to Ig. Only one of the two features 
is desired for these codes. 


ADDITIONAL CODE MODIFICATIONS 


1. Any of the offset binary codes may be complemented by reversing the output terminal pair. 
2. The sign on any of the sign-magnitude codes may be changed by reversing the output terminal pair. 
3. The polarity of the unipolar codes may be changed by driving the opposite side of the balanced load. 
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SYSTEM APPLICATIONS 


Am9080A DATA SYSTEM: SEPARATE UPDATE OF DATA AND STATUS 


SELECT OUTPUT PORT 1 

























ee MVIA,2 — : SET STATUS TO 0 (SELECT OUTPUT 1) 
OUT 1 : SEND STATUS 
CHP MOV A,M — : GET DATA FROM MEMORY 
SELECT OUT 0 : SEND DATA 
CECODER 
SELECT OUTPUT PORT 2 
_ MVIA,3 __: SET STATUS TO 1 (SELECT OUTPUT 2) 
OUT 1 : SEND STATUS 
amntoo0n MOV A.M: GET DATA FROM MEMORY 
ie pe Se Boer Set seu NN | oureur OUT 0 : SEND DATA 
! Amsost SELECT OUTPUT PORT 2 AND 2's COMPLEMENT CODE 
| oureur 2 MVIA, 1 : SET STATUS TO 3 (OUTPUT 2, MSB COMP) 
OUT 1 : SEND STATUS 
MOV A,M —: GET DATA FROM MEMORY 
OUT 0 : SEND DATA Lic-009 


Am9080A DATA SYSTEM: SIMULTANEOUS UPDATE OF DATA AND STATUS 


ADDRESS BUS 


DATA 8US 


CODE DgD; OUT 
SEL SEL 


SYSTEM ws 


OUTPUT 1 
DECODER 


Am6081 
10' = = | OUTPUT 2 





MOV A,M — : GET DATA IN ACCUMULATOR 


OUT 0 : OUTPUT DATA TO PORT 1, 2S COMPLEMENT 
OUT 1 : OUTPUT DATA TO PORT 2, 2’S COMPLEMENT 
OUT 2 : OUTPUT DATA TO PORT 1, STRAIGHT BINARY 
OUT 3 : OUTPUT DATA TO PORT 2, STRAIGHT BINARY LIC-010 


Am9080A DATA SYSTEM: 8-BIT PLUS SIGN CONVERSION 












AODRESS 8US 


7 
CHIP 
SELECT 
DECODER 


DATA BUS 


Am9080A 
SYSTEM 


iow 


+5V a == 


MOV A,M — : LOAD MAGNITUDE (8-BITS) 
OUT 0 : SEND POSITIVE OUTPUT 
OUT 1 : SEND NEGATIVE OUTPUT LIC-011 
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SYSTEM APPLICATIONS (Cont.) 


Am2900 DATA SYSTEM: MULTIPLE ANALOG OUTPUTS 
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Am6081 
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SYSTEM APPLICATIONS (Cont.) 


D/A CONVERSION WITH 12-BIT DYNAMIC RANGE 
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A/D CONVERSION WITH AUTO RANGING AND DIFFERENTIAL INPUT 
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SYSTEM APPLICATIONS (Cont.) 
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ANALOG/DIGITAL TRANSCEIVER WITH 
SOFTWARE CONTROLLED A/D CONVERSION 
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Am6081 


Am9080A SOFTWARE FOR A/D AND D/A CONVERSION USING Am6081 
SEQ SOURCE STATEMENT SEQ SOURCE STATEMENT 


0 PORT EQU 00H 18 CMA 
1 PORT3 EQU 02H 19 CRA A SET SIGN FLAG 
2 PORT2 EQU 01H 20 JM NEXT ;IF SMALLER GO TO NEXT BIT 
3 ORG 3E50H 21 MOV D,E SAVE RESULT 
4 START: LXI SP,STAKS—16 — ;INITIAL STAKS POINTER MOV A,B ;GET NEXT TRIAL BIT 
5 SAMPLE: CALL ADCON ‘CALL A/D CONVERSATION 23 RAR SHIFT RIGHT ONCE 
CMA 24 RC ;RETURN ON CARRY 
CALL DACON ;CALL D/A CONVERSION 25 MOV B,A STORE TEST BIT 
JMP SAMPLE |NEXT SAMPLE 26 ADD D ;ACCUMULATE RESULT 
9 ADCON: XRAA ‘CLEAR ACC 27 JMP LOOP TRY NEXT BIT 
10 MOV D,A ;CLEAR D REG 28 OUT PORT 2 ;OUTPUT TO D/A 
11 STC ;SET CARRY 29 MVI C,05H ;LOAD C REG WITH TIME 
12 RAR ;SET BIT 7 TO 1 30 DCR C ;TIME DELAY 
13 MOV B,A STORE TEST BIT AT B REGISTER ~— 31 RZ “RETURN 
14 LOOP: MOV E,A STORE TEST WORD 32 FILT: RET 
15 CMA 33 STAKS: DS 16 
16 OUT PORT1 ;OUTPUT TO A/D 34 END START 
17 IN PORTS ;INPUT FROM COMP 


ADVANCED MICRO DEVICES DATA CONVERSION PRODUCTS 


Digital to Analog Converters 
AmDAC-08 — 8-Bit High Speed Multiplying D/A Converter 
Am1508/1408 — 8-Bit Multiplying D/A Converter 
Am6070 — 8-Bit Companding D/A Converter for Control Systems (y-law) 
Am6071 — 8-Bit Companding D/A Converter for Control Systems (A-law) 
Am6072 — 8-Bit Companding D/A Converter for Telecommunications (z-law) 
Am6073 — 8-Bit Companding D/A Converter for Telecommunicatons (A-law) 
Amé6080 — 8-Bit High Speed Multiplying D/A Converter System/Microprocessor Compatible 
Am6081 — 8-Bit High Speed Multiplying D/A Converter System/Microprocessor Compatible 
*Am6689 ~ 8-Bit, Ultra High Speed D/A Converter (ECL) 
*Am6012 — 12-Bit High Speed Multiplying D/A Converter 


Analog to Digital Converters 
*Am6688 — 4-Bit Quantizer (Ultra High Speed A/D Converter) 


Successive Approximation Registers 
Am2502 — 8-Bit Successive Approximation Registers 
Am2503 — 8-Bit Successive Approximation Registers 
Am2504 — 12-Bit Successive Approximation Registers 
Sample and Hold Amplifiers 
LF198/398 —Monolithic Sample and Hold Amplifier 
*Am6098 —Precision Sample and Hold Amplifier 
Comparators 


LM111/311 — Precision Voltage Comparator 
LM119/319 — Dual Comparator 
Am686 — High Speed Voltage Comparator 


High Speed Operational Amplifiers 


Am118/318 — High Speed Operational Amplifier 
LF155/156/157 — JFET Input Operational Amplifiers 
LF355/356/357 — JFET Input Operational Amplifiers 


* To be announced. 
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APPLICATIONS 
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INTRODUCTION 


Modern electronic systems are replacing many of the analog 
signal processing and transmission functions with digital data 
processing. The use of digital electronics can lead to im- 
provements in system cost, performance, accuracy and relia- 
bility. Digital systems can transmit many signals on the same 
line in a multiplexed mode and do not suffer from the same 
kinds of noise and crosstalk problems that are inherent in 
analog systems. The digital processing of analog information 
requires conversion of the analog signal into digital form and 
the reverse conversion of the digital result back into an analog 
signal. Analog to digital converters, (ADC), and digita! to 
analog converters, (DAC), perform these functions. The DAC 
is the key circuit element in both of these processes since it is 
used in a feedback loop to generate the ADC function. 
Monolithic technology has advanced dramatically in the last 
few years making low cost 8-bit DACs a reality today; in the 
near future, 10 and 12-bit monolithic DACs will also become 
available. This trend in DAC technology will help accelerate 
the trend toward more digital processing and transmission of 
analog information. 


Many analog signals vary in amplitude from very small values 
to very large values. The dynamic range of a converter is a 
measure of its ability to handle a wide range of input 
amplitudes and is defined as the ratio of the largest resolvable 
signal (Vin max.) to the smallest signal (V;,y min.) that can be 
handled. This ratio is often expressed in decibels using the 
conversion formula 20 fog (Vjymax/Viymin). Linear DACs re- 
solve a ratio of 2":1, (n equals the number of bits), or n * 6dB. 
An 8-bit linear DAC, for example, resolves a ratio of 256:1 or 
48aB. 


The accuracy of a converter is a prime concern in most appli- 
cations. Accuracy is generally specified with respect to the full 
scale output (as a percent of full scale) or to the smallest step 
size (i.e., +1/2LSB refers to +1/2 of the smallest step size). 
Linear converters tend to be more accurate as the number of 
steps increases because the step size decreases. Many sys- 
tems require high accuracy as a percent of the input signal 
level rather than as a percent of full scale. The accuracy as a 
percent of input signal level (reading) decreases as the signal 
level decreases because the amount of error is constant. An 
8-bit linear DAC with an accuracy of .2% of full scale (+1/2 
LSB) has an accuracy of .2% of reading for input signals 
near full scale, but an accuracy of only 20% of reading for an 
input near 1% of full scale. 


For many types of applications, the accuracy and dynamic 
range of an 8-bit linear DAC are sufficient. However, there are 
many classes of problems that require a wider dynamic range 
to handle signal ratios of several thousand to one. Voice 
processing, speed control and music synthesis fall into this 
category. A 12-bit linear DAC provides a wider dynamic 
range, 72dB, and higher accuracy than an 8-bit linear DAC. 
However, these devices are very expensive, and, furthermore, 
it turns out that while most applications require the dynamic 
range of the 12-bit linear DAC they do not require its ac- 
curacy. A nonlinear DAC can provide such performance with 
fewer digital bits. It does so by using a nonlinear transfer 
characteristic to compress an analog signal into a digital word, 
and a complementary transfer characteristic to expand the 
digital values into analog signals with a wide dynamic range. 


An 8-bit nonlinear DAC can achieve a 72dB dynamic range 
with accuracy expressed as a percent of reading that ranges 
from 1.6% to 3.2% over the entire dynamic range of the de- 
vice. The overall nonlinear analog to digital and digital to 


Companding DAC 


analog conversion procedure is called the companding pro- 
cess. This note will discuss the Am6070 family of Compand- 
ing DACs and their applications. 


Companding Principles 


Companding transfer functions were originally developed to 
satisfy the requirements of telephone voice communication 
systems. Studies of speech signals have shown that the dis- 
tribution of amplitudes covers a range of several thousand to 
one and that the lower amplitude signals occur more often 
than the large amplitude signals. More attention should, there- 
fore, be paid to the low level signals. It is important to main- 
tain a better signal to distortion ratio (the ratio of signal level 
to conversion error) for low level signals at the expense of a 
poorer ratio for the less probable high level signals. In order 
to accomplish this goal, a logarithmic type of transfer charac- 
teristic is used with more steps at low levels and fewer steps 
at high levels. 


A true logarithmic function has a discontinuity at zero and 
thus cannot be used directly for signal compression. A modi- 
fied transfer characteristic with the form “log (1+x)” can be 
used to smooth the characteristic near zero. Two popular 
schemes have been developed — the p-law by the Bell sys- 
tem for use in U.S. telephone systems and the A-law by the 
CCITT for use in European systems. They can be described 
by the following mathematical equations: 


u-Law: Y = 0.18 In (1+| X|) sgn (X) 
A-Law: Y = 0.18 (1 + In (A|X]|)) sgn (X), 1/A = |X]< 1 
Y = 0.18 (A|X]) sgn (X), 0 <|x|< 1/A 


where: X = analog signal level normalized to unity 
(encoder input or decoder output) 
Y = digital signal level normalized to unity 
(encoder output or decoder input) 
pe = 255 and A = 87.6 


Both functions require that the size of the analog output 
change increase for each increasing digital code. In order to 
implement such a function,. an overly complex analog circuit 
would be needed. This requirement is met, instead, by a 
piecewise linear approximation. In this approximation, an 8-bit 
digital word generates 256 analog outputs with a transfer 
characteristic which is symmetrical about the origin. Figure 1 
shows the yu-law and A-law transfer characteristics and the 
linear 8-bit DAC transfer characteristic. The positive 128 steps 
are divided into 8 segments or chords of 16 steps each, from 
step 0 to step 15. The step size is constant within a chord 
and doubles for each increasing chord. If the step size in the 


first chord, chord 0, is assigned a value of 1, the next chord, 
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chord 1, has a step size of 2, chord 2 has a step size of 4, 
etc. The last chord has a step size of 128 units and ends 
roughly at the value 4000. The 128 steps represent a 7-bit 
digital word with a dynamic range of 72dB, 20 log (4000:1), 
which is equivalent to the dynamic range of a 12-bit linear 
DAC. 


The above description describes the u-law curve. The A-law 
differs from the y-law only in the first two chords. The step 
size in the A-law DAC does not change between the first and 
second chords, but doubles in all succeeding chords. The 
A-law DAC has a 1/2 step offset at zero so that the positive 
and negative zero codes do not generate the same point. The 
A-law DAC has a dynamic range of 62dB which is equivalent 
to an 11-bit linear DAC. 





Companding DAC 


Pa 
@ 
$ 
= CHORD N+1 
G 
S 0 
ae STEP Ini 4 
14 


A N 
STEP ty 
vc 


DIGITAL INPUT 


ANALOG OUTPUT 


-” 


16.52A 


“0.5uA 
(FOR A-LAW) 


CHORD 1 
CHORD 2 


CHORD 3 


CHORD 4 


peLAW 7 A-LAW 


CHORD 5 


CHORD 6 


28,A/ 4 
OS CHORD | 


OUTPUT ANALOG SIGNAL Y (A) 


S| 


8-BIT 
LINEAR oh 


p-LAW 
384A fi CHORD 5 


2016nA 
f- 4 


CHORD 6 





CHORD 7 


7 | 


| /33nA 
ee 


| 1056uA 
CHORD 0 DIGITAL INPUT SIGNAL X 
(B1 THROUGH B7) 


(lpg = 2048A) 


1024uA 


CHORD 6 | 


896nA 


8-BIT 
LINEAR DAC 


A-LAW Ff u-LAW 
528uA 





LIC-017 


' Fig. 1. Transfer Functions for .-Law and A-Law Decoders. 


Analog to Digital Conversion Using DACs 


A digital input word to a DAC corresponds to an exact and 
unique analog output level. The total number of discrete out- 
put levels, m, depends on the number of DAC binary inputs, 
(m=2", n = number of input bits), and each output level is 
specified to be within a certain error band of its ideal value. 
An analog input to an ADC, on the other hand, may have an 
infinite number of signal levels which must be represented 
with only a‘ finite number of digital output combinations. The 
output code, ideally, identifies the digital word that most 
closely represents the analog input. The classical way to gen- 
erate a fast ADC function is to use a DAC in a feedback loop 
together with special ADC logic, employing a comparator and 
a successive approximation register (SAR). The feedback 
loop compares the DAC output with the analog input and de- 
cides whether the digital code is greater than or less than the 
input to the DAC. The input to the DAC is then increased or 
decreased accordingly, and another comparison is made. This 
technique causes each bit to be changed one at a time, and, 
by comparing the DAC’s output with the analog input, the 
value of that bit is determined. Modification of one bit at a 
time, starting with the most significant bit and ending with the 
least significant bit, leads to an output which with each suc- 
cessive bit becomes a closer approximation of the input level. 
A total of n comparisons are needed for an n-bit converter. 
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The overall transfer characteristic of the entire ADC system is 
shown in Figure 2a. The ADC logic approximates the input 
analog signal by rounding off to the closest lower digital value. 
The maximum uncertainty in the digital representation of the 
analog input will be a full bit. In order to reduce this uncer- 
tainty, the ADC transfer curve can be modified to round to the 
nearest digital code, instead of the lowest, by adding a half 
step offset to the characteristic as shown in Figure 2b. The 
ADC now changes its outputs for analog inputs halfway be- 
tween digital code points and gives a reading with +1/2 step 
uncertainty. The half step offset necessary for better ADC ac- 
curacy is easily provided by increasing the DAC’s analog out- 
put level by a half step whenever the DAC is used in an ADC 
scheme. This additional half step is easy to generate with 
linear DACs because of their constant step size throughout 
the entire dynamic range. For a Companding DAC this addi- 
tion is much more difficult since the step size varies with sig- 
nal value. In order to alleviate this problem, the Companding 
DAC has a built in capability to produce an appropriate half 
step offset signal at its output by a logic command. When this 
command input (E/D pin) is at logic 0, the Companding DAC 
is in the decode mode and the output will not contain the half 
step offset current. When the command input is at logic 1, the 
DAC is in the encode mode, i.e., within an ADC scheme, and 
the output current is increased by the correct half step for any 
input mode. 
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Fig. 2. Transfer Characteristic of an A to D Conversion System. 


Companding DACs in Industrial Systems 


Companding DACs differ from linear DACs in output dynamic 
range, transfer function, and the size of intermediate output 
steps. Comparable 8-bit linear DACs, such as the popular 
AmDAC-08, have a linear transfer characteristic with 256 
linear steps, where each step is 8uA in size. The AmDAC-08 
has a dynamic range of only 48dB while the 8-bit Com- 
panding DAC, (Am6070), has an output dynamic range of 
72dB, which is also achievable with a 12-bit linear DAC. The 
output current increments of the Companding DAC, corres- 
ponding to small output signals, are significantly smaller than 
8A, which is the step size for the AmDAC-08. The step sizes 
in the first four chords of the Companding DAC transfer func- 
tion are 0.5uA, 1.0uA, 2.04A, and 4.0uA, respectively, with a 
total of 64 steps and a current value at the end of the fourth 
chord of approximately 1004A. By comparison, the AmDAC- 
08 uses only 12 uniform steps to resolve a 100A output cur- 
rent levet. 


Given the assumption that most industrial systems employ an 
8-bit digital data bus, the 8-bit DAC is a logical choice for 
interfacing with these systems. Companding DACs can be 
used in the same general applications as the AMDAC-08, particu- 
larly for reconstruction of analog signals with dynamic ranges that 
exceed 48dB. One example is the measurement of gas or liquid 
pressure, in an industrial environment, by. pressure transducers 
with a pressure range of 0 to 3000PSI. Another example is digital 
recording of sound signals which usually exhibit a very large 
dynamic range. 


The Companding DAC’s logarithmic-like nonlinear transfer 
function suggests the application of this device for simulation 
of nonlinear waveforms which can be generated by converting 
a sequence of bytes, from an 8-bit processor, into an analog 
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signal with an exponential shape. This type of signal can be 
used in nonlinear control systems such as motor velocity con- 
trollers. Additionally, the high resolution and accuracy of the 
Companding DAC transfer function, for small output signal 
levels, provide a very smooth and precise analog control sig- 
nal to devices whose outputs are voltage or current depen- 
dent. 


In general, the Companding DAC should be used in any sys- 
tem where a large dynamic range is needed. Such systems 
include servo motor controls, electromechanical positioning, 
voice and music synthesis and recording, secure communica- 
tions, log sweep generators, digital control of gain and attenu- 
ation, and microprocessor controlled signal generation. 


Companding DACs in PCM Transmission Systems 


The companding laws were developed to satisfy the require- 
ments of the telephone system for the digital transmission of 
voice signals. Voice signals exhibit a dynamic range ‘of sev- 
eral thousand to one. To transmit this information with 8-bit 
words and retain reasonable accuracy at low levels, a com- 
panding transfer characteristic must be used to compress the 
analog signal prior to transmission and to restore the original 
signal after reception. The transmission of an analog signal in 
a digital format involves sampling, quantizing (A to D conver- 
sion), and compressing the analog signal as shown in Figure 
3. The receiver must perform the complementary functions of 
expansion, digital to analog conversion and filtering to restore 
the analog signal waveform. The entire procedure is known as 
pulse code modulation, (PCM), and is the prevalent technique 
for digital transmission in communication systems. Currently, 
the Bell u-law is the standard in the United States and the 
CCITT A-law is the standard in Europe. 
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Fig. 3. Pulse Code Modulation Example. 
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Fig. 4 One-Way PCM Transmission System Block Diagram. 
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Fig. 5. One-Way PCM Transmission System Implemented with Companding DAC. 


A simplified block diagram of a PCM transmission system is 
shown in Figure 4. The analog signal must be sampled at a 
rate that is at least twice as fast as the maximum bandwidth 
of the system, (3.4KHz), in order to achieve satisfactory signal 
reproduction at the receiver site. (This requirement is based 
on the Nyquist sampling theorem.) The telephone system 
uses a sampling rate of 8kKHz which allows 125us between 
samples. During this time the entire signal sampling, quan- 
tizing, encoding, and multiplexing must be completed. 


The companding DAC is a complete PCM decoder (receiver) 
that performs both the decoding and D/A conversion. The 
DAC has additional encoding capabilities which make it very 
attractive for use in CODECs (a CODEC is both an Encoder 
and Decoder). The transfer characteristics of this device 
closely follow the characteristics defined by the u-law, 
(Am6072), or A-law, (Am6073), A typical connection of a 
Companding DAC in a PCM transmission system is shown in 
Figure 5. In the transmitter side, the Companding DAC op- 
erates in a feedback loop using a SAR to perform the data 
encoding function. The corresponding logarithmic transfer 
curve for the entire feedback loop portion of the transmitter is 
also shown in Figure 5. The value of the sampled signal is 
estimated by a series of 9 iterations until its appropriate quan- 
tized digital representation appears at the 8-bit parallel data 
output of the SAR. This 8-bit digital code will be transmitted to 
the digital inputs of another Companding DAC for the de- 
coding operation. The input/output transfer function for the 
Companding DAC is also shown in Figure 5. 


The Companding DAC can be used in PCM decoders, en- 
coders or complete CODECs. It is a high speed device that is 
capable of handling more than one channel in a multiplexed 
system. In multi-channel systems Companding DACs can be 
configured in a variety of ways depending on the number of 
channels, the method of transmission, (serial or parallel data), 
and synchronization of the system. A single Companding DAC 
can be used, for example, to decode all 24 channels in a 
standard Bell D3 data bank. 


COMPANDING DAC CIRCUIT DESCRIPTION 


General Circuit Description 


The basic function of the 8-bit, Companding DAC is to convert 
a digital input value into an analog output current. The output 
current is a function of the digital data inputs and the input 
reference current. The full scale current, Irs, is generated by 
the 7-bit data input binary code 111 1111, and is a linear 
function of the reference current, Iper. There are two oper- 
ating modes, Encode and Decode, which are controlled by the 
Encode/Decode, (E/D), digital control signal. The output 
dynamic ranges achieved with the sign-plus-7-bit Companding 
DACs are 62dB (A-law) and 72dB (y-law) which correspond 
to the output dynamic ranges of sign-plus-11-bit and sign- 
plus-12-bit linear binary DACs. Digital data and control inputs 
provide for easy digital control of converter operations in 
computer based data conversion systems. 
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The internal device design assures the accuracy and 
monotonicity of the Companding DAC over the entire dynamic 
and temperature ranges by maintaining the chord end points 
and step size deviations within allowable limits. Parametric 
deviations and requirements can be expressed in terms of 
corresponding step fractions which are applied throughout the 
entire output dynamic range. In industrial environments it is 
customary to specify allowable deviations from ideal paramet- 
ric values within + half a step. However, the u-law and A-law 
based PCM communication systems specify the output cur- 
rent deviations in terms of dB, with respect to Irs. Further- 
more, these communication requirements in dB cannot be 
translated to some reasonable “step fraction” deviation which 
will be common for the entire output dynamic range. Con- 
sequently, Companding DACs applied in communication sys- 
tems must be tested against specific output current values 
which are calculated separately for each step of the transfer 
characteristic. This difference between communication and in- 
dustrial Companding DAC devices is recognized by Advanced 
Micro Devices which offers u-law and A-law devices for both 
the industrial market, Am6070 and Am6071, and the tele- 
communication market, Am6072 and Am6073. 


These Companding DACs are manufactured in an 18-pin 
package. There are seven digital data inputs, (B1 through 
B7), two control digital input signals, (SB, E/D), and four 
analog current outputs, (lopi+): lop(—)s loe(+), log(—))- The 
maximum output current value or full scale current, Irs, is de- 
termined by the value of the reference current, Iperf, supplied 
to the Companding DAC via two analog reference inputs, 
(Va+) and Vp;_)). There are three power supply connections 
(V—, V+ and Ground). 


CHORD BITS 


STEP BITS 


Companding DAC 


Detailed Circuit Description 


The block diagram of the Companding DAC is shown in Fig- 
ure 6. The circuit consists of the following five major blocks: 


e@ The chord generator produces the total current for each 
chord or segment of the curve. 


@ The pedestal generator generates the pedestal or starting 
point for each chord. 


e@ The step generator generates the proper step current for 
each chord. 


@ The chord decoding logic decodes the chord inputs and 
controls the inputs to the pedestal and step generator cir- 
cuits. 

@ The output switching matrix sums the step and pedestal 
currents and routes them to the proper output node. 


To understand the circuitry of the Companding DAC it is im- 
portant to understand how the companding curve is gener- 
ated. The companding curve is a piecewise linear approxi- 
mation of an exponential characteristic. It consists of 16 linear 
segments centered around the origin. The curve is symmetri- 
cal around the origin so we need only examine the positive 
portion of the curve. Each segment or chord consists of six- 
teen steps, step 0 through step 15, and the size of each step 
doubles as the chord number increases. In order to smooth 
out the characteristic as the chords change, the step current 
value for the first step of each higher chord, step 0, is set to 
be 1 1/2 times larger than the step current values in the lower 
chord. The succeeding fifteen steps, step 1 to step 15, are 2 
times larger than steps of the previous chord. Figure 7 shows 
a detailed synthesis of the companding function. The first 
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Fig. 6. Companding DAC Functional Block Diagram. 
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loutis=0.N=5) = IPs 
lout($=15,.N=4) = !cq + Ip4 


N=0,1,...,7 thes | 
$=0,1,..., 15 
SB = LOGIC 1 
E/D = LOGIC 0 


| 


lout 1.5 In | In 
(log OR lop) 7 


DIGITAL INPUTS, B1 THRU B7 ——» 





Fig. 7. Construction of u.-Law Transfer Function. 


chord, CO, is generated from a current source, Ico. The sec- 
ond chord, C1, starts at current Ip;, (known as the pedestal 
current), and is generated from a current source, Ic, which is 
twice the value of Ico. The next chord current source, Ico, 
starts at a pedestal current Ip2 and has a total value equal to 
four times Ico. This process continues with each chord N hav- 
ing a total chord current equal to 2Nicg and starting at a 
pedestal current which equals the summation of all currents in 
the lower chords: 


1 N-1 
len = = (Iom + 1.5¢1m) = 16.5 Ixy, (Ipo = 0), 
M=0 M=0 


where Ix is the step current value in chord M. 


1.056 0.528 
mA mA 


4 


IREF 
0.528mA 





The generation of the pedestal current by summing the lower 
chords ensures monotonic behavior in the transition between 
chords. The selection of the proper step within the given 
chord is accomplished by routing the chord current, len, 
through a step generator which chooses the proper fraction of 
the chord current necessary to generate the selected number 
of steps. The resulting net output current Ioy7, can be ex- 
pressed in terms of step currents, Iy, corresponding to the 
chord N: 


N-1 
lout = lpn + Sly = (16.5 = Im) + Se ln, (Ipp = 0), 
M=0 


where S 


= step number = 0, 1,..., 15 and N = chord 
number = 0, 1 


iinet gubs 


The circuit has 9 digital inputs, an 8-bit word and a control bit. 
The 8-bit digital input word is broken into three parts. The first 
bit is the sign bit and specifies whether the output lies in the 
positive or negative portion of the curve. The next three bits 
define which of the 8 chords is to be selected. This three bit 
field has a value designated as N which is between 0 and 7. 
The last four bits specify one of the sixteen steps and has a 
value equal to S. The control bit is the E/D signal which con- 
trols the output switching. 


The chord generator is the key element in the DAC. It must 
generate eight binary weighted chord currents and is similar 
to an 8-bit linear DAC. The detailed schematic, shown in Fig- 
ure 8, shows a master/slave ladder arrangement biased from 
a reference amplifier and transistor. The reference amplifier 
forces the base voltage of the reference transistor, (Qg), to 
the value required to sink the reference current. This voltage 
will bias the master ladder so that Q1 runs at 2¢Iper, Q2 at 
InEF, Q3 at .Selper, and Q4A and Q4B at .25¢lper each. The 
slave array uses a binary weighted resistor array to generate 
the lower four chord currents by dividing the current from 
Q4B. An 8-bit linear DAC does not require the resistor array 
in the slave ladder but the Companding DAC does, in order to 
ensure 12-bit linearity in Chord 0. The LSB current in an 
AmDAC-08 is 84A +4yA while the Chord 0 current source in 
an Am6070 has a value of 8uA +.5yuA. 


16.5 8.25 8.25 
BA pA BA 


Fig. 8. Chord Current Generator Diagram (Indicated current values correspond to the y-law DAC). 
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EXAMPLE: Ico = 8.25A 
(8.25nA = 33 X 0.25uA) 





Companding DAC 


0.25nA 
(1/2 STEP) 


Fig. 9. u-Law Step Current Generator. 


8.0nA 


(8 STEPS) (4 STEPS) 


EXAMPLE: Ico = 162A 
(164A = 32 X 0.5pA) 





O.5uA 0.5pA 
(1/2 STEP) (1/2 STEP) 


Fig. 10. A-Law Step Current Generator. 


The chord select inputs, B1, B2, B3, control a one of eight 
decoder that selects one of the chords, routes that chord cur- 
rent source to the step generator and switches all the lower 
order chord current sources to the pedestal generator. 


The step generator for the y-law characteristic is shown in de- 
tail in Figure 9. This circuit divides the total chord current 
source, Icn, into 33 equal parts, and the step current value, 
In, iS equal to 2/33 of the chord current source. The 33 parts 
accommodate the required 1.5 step transition between 
chords, so that the total internal chord current source is equal 
to 16.5 steps. The step generator is similar to a four bit DAC 
but has six current source outputs to generate 8, 4, 2, 1, 1 
and 1/2 step currents. This current division can be done using 
emitter area scaling with enough accuracy to meet the 
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monotonicity and linearity specifications without the use of 
emitter resistors. The four step bit inputs can choose from 0 
to 15 steps to be switched into the output summing network. 
The 1/2 step current is used as the encode offset current in 
the encode mode and will track the value of the chord current. 
When the transition to the next chord is made, the full chord 
current is switched to the pedestal generator causing a 
change in the output of 1.5 steps, i.e., from 15 steps to 16.5 
steps. The step selector uses a fully differential current switch 
to ensure high speed performance. This switch does not re- 
quire capacitive charging and discharging of !ow current 
nodes and has a nearly constant 40ns propagation delay over 
the dynamic range of the varying chord. currents, from the first 
step current on chord 0 of .5u4A to the last step current on 
chord 7 of .5mA. 








Companding DAC 


The output summing network sums the outputs of the pedes- 
tal generator, step generator, and encode current, and routes 
the current to the output selected by the combination of SB 
and E/D. If the E/D input is high, the encode current, len, is 
summed with the step and pedestal currents and is routed to 
loe(+), if SB is 1, or to log), if SB is 0. If E/D is low, only the 
step and pedestal currents are summed and sent to the out- 
put; the output current is routed to lopi+) OF lon(—) depending 
on the state of SB. Only one output will be active and the 
other outputs will be in a high impedance, off, state. 


Generation of the u.-Law and A-Law Characteristics 


The y-law and A-law devices have similar characteristics 
which. differ in the chords near zero. In the u-law device, the 
step size doubles when chord 0 ends and chord 1 begins and 
the first step of chord zero is equal to zero, and the points for 
positive and negative zero are the same. in the A-law curve, 
the step size does not change between chord 0 and chord 1. 
The first two chords are colinear and the step size does not 
start doubling until chord 2. Additionally, the A-law curve has 
a 1/2 step offset at the zero point so that positive and nega- 
tive zero are not equal. These differences in the two com- 
panding laws are relatively minor and the two laws can be 
generated from the same integrated circuit with only minor 
modifications. 


The pu-law curve is generated using the earlier described step 
generator. If step size in the first chord is set to be .5u4A, the 
internal chord O current source must be 8.25uA (16.5 x .5yA). 
Each succeeding internal chord current source doubles in 
value so that the last two chord current sources are 528uA 
and 1056uA. The reference current is equa! to 1/2 the largest 
current source, so the required reference current is 528A. 
The full scale output current can be calculated by summing all 
the internal current sources and subtracting 1.5 steps from the 
most significant chord, because the full scale current output 
requires only 15 steps out of the available 16.5 steps to be 
switched into the output. This gives a full scale current of 
2007.75yA. The output current for any point on the com- 
panding curve can be calculated in terms of the internal chord 
0 source, 8.25uA, and its step value, .5uA, using the follow- 
ing formula: 


In,s = (2% — 1) +8.25uA) + (S* 2% © 5uA) 


TABLE 1 
NORMALIZED A-LAW DECODER OUTPUT 
(SIGN BIT EXCLUDED) 


po fat 2, sate ts ts [7 | 
33 











0 1 66 132 264 528 1056 2112 
1 3 35 70 140 
2 5 37 74 148 
3 7 39 78 156 
4 9 41 82 164 
5 11 43 86 172 
6 13 45 90 180 
7 15 47 94 188 
8 17 49 98 196 
9 19 51 102 204 





























—t 
STEP SIZE 


where N represents the chord number and §S the step . 
number. The first term represents the pedestal current value; 
the second term the value of the steps in the selected chord. 


The A-law curve is generated by using the step generator 
shown in Figure 10. The internal chord current source is di- 
vided into 32 equal parts with current source values of 8, 4, 2, 
1, 1/2 and 1/2 steps. The zero offset is generated by sum- 
ming a 1/2 step current with the output of the step generator 
independent of input code. The range of output values of the 
step generator is from 1/2 step to 15.5 steps, and the internal 
chord current source has a value equal to 16 steps. The 1.5 
step transition is accomplished by switching the total! internal 
chord current source to the pedestal generator, i.e., adds 1/2 
step, (the encode current Igy), and summing the 1/2 step 
offset current from the next higher chord, which is the same 
as one step on the lower chord. 


The A-law Companding DAC doubles the size of the chord 0 
current source Icg from the u-law I¢g value by connecting the 
collector of Q8B to Q8A instead of its base as indicated in 
Figure 8, so that it is equal to the chord 1 current source. The 
reference current is adjusted to set the first chord step size to 
1A and the internal chord O current source value to 16nA. 
The last two chords will have internal current source values of 
512uA and 1024uA each. The reference current required to 
bias the chord generator is 512A. The full scale output cur- 
rent can be calculated by summing all the internal chord cur- 
rent sources and subtracting 1/2 step from the last chord, be- 
cause only 15.5 steps of the 16 steps in the last chord are 
switched to the output. The full scale current is nominally 
2016uA. The current at any point on the A-law companding 
curve can be calculated by using the following formula: 


In,g = (2S+1) © .5uA, for N=0, and 
= (2N-1. 146 5uA) + (2N-1 -S 1A), forN = 1. 


Output Current Tables 


All output current values on the A-law transfer characteristic 
curve are higher than corresponding «-law current values, be- 
cause of the larger step sizes in chord 0 for the A-law charac- 
teristic. The different step sizes in chord 0 were originally 
suggested by the International Telegraph and Telephone 


TABLE 2 
NORMALIZED »p-LAW DECODER OUTPUT 
(SIGN BIT EXCLUDED) 





























STEP SIZE 
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TABLE 3 
IDEAL A-LAW DECODER OUTPUT VALUES EXPRESSED 
IN dB DOWN FROM OVERLOAD LEVEL (+3dBmo) 





Consultive Committee (CCITT), in its recommendation for the 
encoding laws in Pulse Code Modulation communication sys- 
tems for voice frequency signals of commercia! quality. 


This recommendation contains several different tables with in- 
formation for A-law and p-law encoding requirements. The 
most important pair of tables contain all 128 distinctive de- 
coder output current values expressed in normalized units. 
The normalized current output values for A-law and p-law 
Companding DACs are presented in Tables 1 and 2, respec- 
tively. Step O of chord 0 in the A-law table is equal to the 
value of one normalized unit, whereas the corresponding 
normalized zero current value in the u-law table is zero. The 
actual size of this normalized unit is NOT REQUIRED TO BE 
THE SAME for A-law and for yu-law, and entries in Tables 1 
and 2 should not be used for any comparison of the two en- 
coding laws. Each table, independently, provides the infor- 
mation for a particular encoding law about required relation- 
ships between the output current magnitudes. In addition, the 
input data coding for Table 2, which contains entries for the 
p-law normalized output values, is the one’s complement of 
the input data codes suggested by the original CCITT and 
Bell D3 specification. However, data input coding shown in 
Tables 1 and 2 is accepted as standard input data coding in 
order to have consistent data coding for u-law and A-law 
Companding DACs. The maximum normalized current values 
in Tables 1 and 2 are 4032 and 8031, respectively, and these 
values can be easily derived by summing all of the 128 nor- 
malized steps. 


Additional conditions beyond the two maximum normalized 
values are related to the ratios, in wA, between the 
amplitudes corresponding to full scale current values, and the 
amplitudes of output currents which are chosen as the refer- 
ence outputs for A-law and for u-law decoding devices. These 
reference outputs are generated as sinusoidal waveforms of 
1kHz by applying a periodic sequence of eight 8-bit data 
words at the Companding DAC’s inputs at an 8kHz rate. 
These sequences are specified separately for both encoding 
laws. The signal level at the peaks of these reference 
sinusoidal waveforms is chosen as the reference OdB level. 
This level is implied to be the same for both encoding laws. 
The dB levels, calculated by using the peaks of the 1kHz 
sinusoidal waveforms with amplitudes which correspond to the 
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TABLE 4 


IDEAL »p-LAW DECODER OUTPUT VALUES EXPRESSED 


IN dB DOWN FROM OVERLOAD LEVEL (+3dBmo) 
































theoretical maximum output current values, are specified to be 
+3.14dB and +3.17dB above the common reference level for 
the A-law and w-law decoding devices, respectively. The 
small difference in the specified theoretical maximum output 
current levels implies a very small difference between actual 
full scale current values for A-law and pu-law decoders. In 
practice, the actual level for the full scale output current val- 
ues for both laws is set to be +3.00dB above the reference 
OdB level. The ideal decoder output values expressed in dB 
down from the full scale current output for A-law and p-law 
are presented in Tables 3 and 4. The reference OdB level can 
be found in these tables between steps 5 and 6 on chord 7. 
Comparison of the numbers corresponding to step 1 in chord 
0 shows a difference between the two encoding laws with re- 
spect to the output dynamic ranges. The output dynamic 
range is 62.57dB for A-law, (+3.00dB to —59.57dB), and 
72.07dB for p-law, (+3.00dB to —69.07dB). 


In order to make the electrical designs of A-law and yp-law 
Companding DACs as similar as possible, the normalized unit 
value of current in Table 1, A-law table, is chosen to be 0.54%A 
and the normalized unit current quantity in Table 2, y-law 
table, is chosen to be 0.25uA. These different “unit” values 
will cause the steps in chord 0 for A-law Companding DACs 
to be twice as large as the corresponding u-law device step 
sizes. Consequently, the ideal full scale absolute current val- 
ues corresponding to 4032 and 8031 normalized units are 
2016uA for A-law and 2007.75uA for p-law DACs. Tables 5 
and 6 contain all 128 absolute decoder output current values 
in A. These tables can be further expressed in terms of per- 
cent of full scale current output, which may be important for 
some “percentage” oriented applications. Tabulated sum- 
maries of step and chord endpoint sizes which can be ex- 
tracted from Tables 1 through 6 are presented in Tables 7 
and 8. The last column in these tables points out that the best 
resolution and accurac © se achieved in chord 0 of the Com- 
panding DAC’s transfer function. 


The output current values presented in Tables 5 and 6 are 
ideal output currents with ideal reference currents of 528nA 
and 512A, respectively. The output current deviations for the 
communication application of Companding DACs are specified 
by the compandor tracking system requirements which are 
illustrated for both decoders in Figures 11 and 12. In both fig- 
ures a dotted line represents a total gain deviation, in dB, for 
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TABLE 5 
IDEAL A-LAW DECODER OUTPUT CURRENT IN MICROAMPS (SIGN BIT EXCLUDED) 


eae 
| oo | 132.00 528.00 | 1056.00 
= Si 140.00 | 280.00 | 560.00 | 1120.00 




















360.00 | 720.00 | 1440.00 
784.00 | 1568.00 
106.000 


110.000 
114.000 


118.000 472.00 | 944.00 | 1888.00 
122.000 488.00 | 976.00 | 1952.00 | 
126.000 504.00 | 1008.00 | 2016.00 



































TABLE 6 
IDEAL »-LAW DECODER OUTPUT CURRENT IN MICROAMPS (SIGN BIT EXCLUDED) 


i =, 
svep| o | 1 | 2] 3 [| «¢ [6] «| 7 | 
ae epee] see ae 
| 500 | 9.250] 26.750] 61.750 1111.75 
= rasa [17878 | 


1.500 30.750 } 69.750} 147.75 | 303.75 | 615.75 | 1239.75 
2.000 32.750 | 73.750] 155.75 | 319.75 | 647.75 | 1303.75 














sate | aasa | sera | 777] ware [ae | ear [raz 
[soon | vaae0| sa7ed | eie0| ize] sxe | re | esis 
89.750| 187.75 | 383.75 1559.75 
so [ ean se ea ar [en | 
Foto | z0as0| 48780 187e0| 107s | 47.76 | 2078 [ 1875 
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TABLE 7 
A-LAW DECODER STEP SIZE AND CHORD SIZE SUMMARY 


Resolution 


Step Size Chord Endpoints Chord Endpoints Chord Endpoints Chord Endpoints & Accuracy 


Step Size 


Step Size 


Normalized 
to Full Scale 


Normalized 
to Full Scale 


in 2A with 
2016A F. S. 


in pA with 
2016nA F. S. 


as a % of 
Full Scale 


as a % 
of Full Scale 


of Equivalent 
Binary DAC 


in dB Down 
from Full Scale 


11 Bits 
11 Bits 
10 Bits 
9 Bits 
8 Bits 
7 Bits 
6 Bits 
5 Bits 


onnennelf 





TABLE 8 
pu-LAW DECODER STEP SIZE AND CHORD SIZE SUMMARY 


Resolution & 
Chord Endpoints Accuracy of 
Normalized to 


Full Scale 


Chord Endpoints 
in pA with as a % of as a % of Equivalent 
2007.75uA FS Full Scale Full Scale Binary DAC. 

7.5 Sign + 12 Bits 
23.25 Sign + 11 Bits 
54.75 Sign + 10 Bits 

117.75 Sign + 9 Bits 
243.75 Sign + 8 Bits 
495.75 Sign + 7 Bits 
999.75 Sign + 6 Bits 
2007.75 Sign + 5 Bits 


Chord Endpoints 
in dB Down 
from Full Scale 


Step Size 
in LA with 
2007.75nA FS 


Step Size Chord Endpoints Step Size 
Normatized 


to Full Scale 





a ae 





various signal levels which can be distributed over the en- 
coder and decoder portions of a “one way” communication 
system. It is understood that encoder and decoder system 
portions are implemented with corresponding Companding 
DACs. For the Bell D3 system u-law tracking specification, 
the —37dBmo and —50dBmo output current levels can be 
found between steps 11 and 12 on chord 1, and steps 8 and 
9 on chord 0, respectively. For the CCITT A-law compandor 
tracking specification, the —40dBmo, —50dBmo, and 
—55dBmo output current levels can be found in the corre- 
sponding A-law tables between. steps 13 and 14 on chord 0, 
steps 4 and 5 on chord 0, and steps 2 and 3 on chord O, re- 
spectively. Conversion of the requirements imposed by Fig- 
ures 11 and 12 to absolute current values produces corre- 
sponding absolute decode output current tables with 
minimum, ideal and maximum values specified for each step. 
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Fig. 11. CCITT A-Law Compandor Tracking Specification. Fig. 12. Bell D3 System Compandor Tracking Specification. 
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TABLE 9 
ABSOLUTE DECODER OUTPUT CURRENT LIMITS IN 2A 
CONFORMING TO BELL D3 COMPANDOR TRACKING SPECIFICATIONS 


CHORD NO. 


A Ea Fe a 


7.789 1018.02 
8.250 1047.75 
: 8.739 1078.34 
.250 8.733 25.991 59.998 128.01 | 264.04 536.10 1080.21 
-500 9.250 26.750 61.750 131.75 271.75 551.75 1141.75 
.750 9.798 27.531 63.553 135.60 279.69 567.86 1144.21 


.750 135.79 279.59 567.19 1142.39 
1.000 139.75 287.75 583.75 1175.75 
1.250 143.83 296.15 600.80 1210.08 


1.250 143.56 295.13 598.28 1204.58 
1.500 147.75 303.75 615.75 1239.75 
1.750 152.06 312.62 633.73 1275.95 


1.750 11.565 31.821 629.37 1266.76 
2.000 12.250 32.750 647.75 1303.75 
2.250 12.976 33.706 666.66 1341.82 


2.250 12.509 660.46 1328.94 
2.500 13.250 679.75 1367.75 
2.750 14.035 699.60 1407.69 


2.750 13.453 341.77 691.56 1391.13 
3.000 14,250 351.75 711.75 1431.75 
3.250 15.094 362.02 732.53 1473.56 


3.250 14.397 37.651 83.317 174.65 357.32 722.65 1453.31 
3.500 15.250 38.750 85.750 179.75 367.75 743.75 1495.75 
3.750 16.154 39.882 88.254 185.00 378.49 765.47 1539.43 


3.750 15.341 39.594 87.204 182.42 372.86 753.74 1515.50 
4.000 16.250 40.750 89.750 187.75 383.75 775.75 1559.75 
4.250 17.213 41.940 92.371 193.23 394.96 798.40 1605.30 


4.248 16.285 41.537 91.090 190.20 388.41 784.83 1577.68 
4.500 17.250 42.750 93.750 195.75 399.75 807.75 1623.75 
4.767 18.272 43.998 96.488 201.47 411.42 831.34 1671.16 


4.720 17.229 43.480 94.977 197.97 403.95 815.92 1639.87 
5.000 18.250 44.750 97.750 203.75 415.75 839.75 1687.75 
5.296 19.331 46.057 100.604 209.70 427.89 864.27 1737.03 
5.192 18.173 45.424 98.863 205.74 419.50 847.02 1702.05 
5.500 19.250 46.750 101.750 211.75 431.75 871.75 1751.75 

19.812 48.115 104.721 217.93 444.36 897.21 1802.90 
5.664 19.675 47.367 102.750 213.52 435.05 878.11 1764.23 
6.000 20.250 48.750 105.750 219.75 447.75 903.75 1815.75 

20.841 50.174 108.838 226.17 460.82 930.14 1868.77 


221.29 450.59 909.20 1826.42 
227.75 463.75 935.75 1879.75 
234.40 477.29 963.07 1934.64 
110.523 229.06 466.14 940.29 1888.60 
113.750 235.75 479.75 967.75 1943.75 
117.072 242.63 493.76 996.01 2000.51 
114.409 236.83 481.68 971.39 
117.750 243.75 495.75 999.75 
121.188 250.87 510.23 1028.94 














7.080 22.590 53.197 
7.500 23.250 54.750 
7.944 23.929 56.349 





The decoder output current values which comply with the Bell 
D3 compandor tracking requirements are presented in Table 
9. A similar table can be generated for the CCITT A-law com- 
pandor tracking specification. The corresponding encode out- 
put values can be derived from the decode output values by 
adding a half a step to all entries in a given decode table. The 
specified limit values include the combined effects of chord 
end point deviations, step nonlinearity, encode output errors, 
full scale current deviation from ideal, full scale symmetry er- 
ror, zero scale current error, full scale drift, and output imped- 
ance change over the specified voltage compliance and 
temperature ranges. The adjacent step current levels in Table 
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9 for any particular Companding DAC will not overlap, as 
might be implied from the presented minimum and maximum 
values, because the device is guaranteed to be monotonic. 


lf the decode output limits for the u-law Companding DAC are 
specified to be +1/2 step from the ideal values, Table 9 can 
be replaced by a similar table. The most important difference 
between the two tables would be found in the limit values cor- 
responding to the lower step current values in chords 1 
through 7. The approximate representations of +1/2 step, +1 
step limits and the corresponding Bell D3 compandor tracking 
limits in Table 9 are illustrated in Figure 13. 
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Fig. 13. Output Current Limit Diagrams for D3, +1/2 Step, and +1 Step Tolerance Specifications. 


Parametric Analysis and Recommendations 


A detailed specification for a digital-to-analog converter should 
include information about important DAC parameters such as 
resolution, monotonicity, dynamic range, settling time, non- 
linearity, full scale and zero scale current errors, gain error, 
output voltage compliance, input, output and reference signal 
levels, operating temperature range, power supply range and 
power dissipation. 


The resolution of a DAC is determined by the maximum 
number of digital input combinations which can be used to 
generate analog output signals. The resolution for Com- 
panding DACs with sign-plus-7 bit digital data input signals is 
+128 steps. A converter is monotonic if its analog output al- 
ways increases with an increase in the digital value of the 
input data code. Monotonicity for the Am6070/71/72/73 de- 
vices, is guaranteed over the full operating temperature range 
and for both groups of 128 steps. Two parameters which are 
used to describe nonlinear errors in a DAC’s transfer function 
are the DAC’s nonlinearity and the differentia! nonlinearity er- 
ror. The nonlinearity of a Companding DAC is defined as the 
maximum deviation of the actual output values from an ideal 
piece-wise linear characteristic calculated from measurements 
of the actual full scale and zero scale current values. These 
two current measurements can be used to compute the cor- 
responding theoretical chord endpoint values, and nonlinearity 
is measured as the difference between this calculated transfer 
characteristic and the actual current values at the output of 
the DAC. The differential nonlinearity of the device is a mea- 
sure of how much any single step current value varies with 
respect to its theoretical value, (calculated from the actual full 
scale output current). Differential nonlinearity of +1/2 step will 
ensure monotonic behavior. These errors and all other trans- 
fer function related errors are specified for the Am6070 Com- 
panding DAC Family by the limit current values in the corre- 
sponding Absolute Decoder Output Current Level Table. 


The DAC’s current outputs have a very high impedance, and 
the output current will not change its value significantly with 
changes in the applied voltage at the DAC’s outputs. The out- 
put voltage compliance range is defined as the maximum 
range of voltages, at the DAC’s output, that can be sustained 
while meeting the output current specifications. The absolute 
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maximum output voltage swing, (IRee = 528A), is specified 
between V— plus 10V and V-— plus 36V, where V— is the 
Companding DAC’s negative power supply. The maximum 
range for the reference inputs Vpi_) and Vpi+) is specified to 
be between the V— and V+ power supply values. The 
maximum power supply range, V+ to V-, is specified at 36V, 
and maximum power dissipation for temperatures less than 
100°C is rated at 500mW. 


The settling time for a DAC is defined as the elapsed time, 
after an input code transition, required for the DAC’s output to 
reach a final value within specified limits. These limits are 
generally +1/2 of the corresponding step current value. The 
settling time is usually specified for the input code transition 
from zero scale to full scale value, and for the Companding 
DAC Am6070 family the typical value is 300ns. However, this 
is not the worst case transition. Because of the different step 
sizes, the output current settling error band changes as the 
chord current changes, becoming smaller for lower chords. 
Settling times in chord 7 are measured when the output set- 
tles within +32yA of its final value, while settling times in 
chord 0 are measured when the output settles to within 
+.25uA of it’s final value. The worst case transition is, there- 
fore, the transition from full scale current down to zero scale 
current value, and requires a settling time of 4s for u-law 
DACs and 2.5us for A-law DACs. 


The currents of each of the four Companding DAC’s analog 
outputs can be measured using the circuit shown in Figure 
14. This circuit contains 4 resistors, R1, R2, R3, R4, and two 
operational amplifiers, A1 and A2. Resistor tolerances of 0.1% 
give 0.1% output measurement error (approximately 2uA at 
full scale). The input offset current of the operational amplifier 
also increases the output measurement error. This error is 
most significant near zero scale. The Am101A and Am308 
devices, for example, may be used for A1 and A2, since their 
maximum offset currents which would add directly to the 
measurement error, are only 10nA and 1nA, respectively. The 
input offset voltage of the amplifiers, with output resistor val- 
ues of 2.5k0, also contributes to the output measurement 
error by a factor of 400nA for every mV of offset voltage. 
Therefore, to minimize this error, the offset voltages of A1 and 
A2 should be nulled. 
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Fig. 14. Companding DAC Output Current DC Test Circuit. 


The recommended operating range for the reference current 
Iner is O.1MA to 1.0mA. The full scale output current, Irs, is a 
linear function of the reference current, and may be approx- 
imated using the equation Irs = 3.9¢lper. This tight relation- 
ship alleviates the requirement for trimming the Iyer current if 
the Rrer resistors’ values are within +1% of the calculated 
value. Lower values of Ipc will reduce the negative power 
supply current, and will increase the reference amplifier nega- 
tive common mode input voltage range. However, the device 
accuracy specifications are not guaranteed at reference cur- 
rents below 0.5mA. 


The ideal value for the reference current, (Vrer/Rrer), is 
528A for u-law and 512A for A-law Companding DACs. 
The corresponding ideal full scale decode current values are 
2007.75uA and 2016uA, respectively. A percentage change 
from the ideal Iper value produced by changes in the Veer or 
Rrer values produces the same percentage change in the 
decode and encode output current values. The positive volt- 
age supply, V+, may be used, with certain precautions, for 
the positive reference voltage. In this case, the reference re- 
sistor Rrer;+) should be split into two resistors and their junc- 
tion bypassed to ground with a capacitor of about 0.01uF. 
The total resistor value should provide the required reference 
current. The Rrer—) resistor value should approximately 
equal the Reer+) value in order to compensate for errors 
caused by the reference amplifier’s input bias current. 


An alternative to the positive reference voltage biasing is the 
application of a negative voltage to the V_,_) terminal through 
the resistor Rreri—) with the Rreri+) resistor tied to ground. 
The advantage of this arrangement is the presence of very 
high impedance at the Vp:_) terminal while the reference cur- 
rent flows from ground through Reer(+) into the V_;+) termi- 
nal. 


The Companding DAC can be used as a multiplying DAC by 
varying the reference current. It is important that the reference 
current have a DC component that guarantees an uninter- 
rupted flow of current INTO the Vp;+) terminal. The input ref- 
erence amplifier has sufficient bandwidth and slew rate, 
(0.12mA/ys minimum), to handle small signal inputs up to 5% 
of reference current at frequencies up to 500KHz, and large 
signal inputs of up to 50% of reference current at frequencies 
up to 80kHz. 
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The Companding DAC has a wide output voltage compliance 
suitable for driving a variety of loads. Using the ideal recom- 
mended value for IRe- and V— = —15V, the positive voltage 
compliance limit is +18V and the negative voltage compliance 
limit is —5.0V. For other values of IRef and V-, the negative 
voltage compliance limit, Voc_), may be calculated as fol- 
lows: 


Voc(-) = (V—) + 2 (IRer ¢ 1.55kQ) + 8.4V, 


where 1.55kQ, and 8.4V are equivalent worst case values for 
the Companding DAC. 


The Vi¢ input controls the input logic threshold voltage, allow- 
ing the device to interface with various logic families. This 
input should be placed at a potential which is 1.4V below the 
desired logic input switching threshold. Two external discrete 
circuits which provide this function for non-TTL driven inputs 
are shown in Figure 15. For TTL-level logic inputs, the Vic 
input should be grounded. If negative voltages are applied at 
the digital logic inputs, they must have a value which is more 
positive than —5V. 


CMOS, HTL, NMOS 
V+ 


2N3904 2N3904 
a 7 x 
TO PIN 10 TO-PIN. 10 


Vv 
Vic R LC 
(400A 1, 


-5.2V a 
Notes: 1. Set the voltage “A” to the desired logic input switch- 
ing threshold. 
2. Allowable range of logic threshold is typically —5V to 
+13.5V when operating the companding DAC on + 
15V supplies. LIC-032 


Fig. 15. Interfacing Circuits for ECL, 
CMOS, HTL and NMOS Logic Inputs. 


With the V— voltage between —15V and —11V, the Voci-) 
value, the input reference common mode voltage range, and 
the logic input negative voltage range are reduced by an 
amount equivalent to the difference between —15V and the 
V— value chosen. With V+ between +5V and +15V, the re- 
ference amplifier common mode positive voltage range and 
the Vic input values are reduced by an amount equivalent to 
the difference between +15V and the V+ value chosen. 


TYPICAL CIRCUIT APPLICATIONS 


Basic Circuit Connections 


The Companding DAC belongs to the class of multiplying D to 
A converters with true current outputs. The input reference 
current can be generated by a unipolar constant reference 
voltage source or by a bipolar AC reference voltage. The 
applied bipolar reference source usually modulates the refer- 
ence current, Ipe¢, supplied from the constant reference volt- 
age as shown in Figure 16. Figure 16a shows a high input 
impedance configuration where the bipolar input signal Vix 
modulates the voltage level at the Va.) input by forcing the 
voltage across Regr to be Vager — Vin, which in turn modifies 
Irer- Figure 16b shows low input impedance connections, 
where Inger equals the sum of the DC reference current from 
Vrer and the AC input current from Vij. For both low imped- 
ance and high impedance connections, the minimum ref- 
erence current value at the reference input, Vp(+) should be 
at least 0.1mA and the maximum value should not exceed 
1.0mA. 


The wide output voltage compliance range, (—5V to +18V 
with Inger = 528uA and V— = —15V), allows a variety of 
loads to be driven. Two typical connections are shown in Fig- 
ure 17. Voltage output relationships for single ended and dif- 
ferential resistive output connections are described in the out- 
put voltage table of Figure 17a. The reference current in this 
resistive load example is set to be 528uA (u-law Companding 
DAC). The resulting negative voltage generated by the cur- 
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a. High Input Impedance Connection. 
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b. Low Input Impedance Connection. 





Fig. 16. Companding DAC’s Multiplying Connections. 


rents at the outputs A, B, and C, does not exceed the 
minimum value of —5V, which corresponds to the lower limit 
of the output voltage compliance range. In the example with 
balanced load connections, the sum of the common mode 
voltage, Vom, and the differential voltage across the load 
should also be within the —5V and +18V output voltage com- 
pliance limit. 
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a. Resistive Output Connections. 
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b. Balanced Load Connections. 





Fig. 17. Companding DAC’s Output Connections. 
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Companding DAC 


Operational amplifiers and/or comparators can be driven by 
Companding DACs. The circuits shown in Figure 18 demon- 
Strate various voltage ranges which can be achieved at the out- 
puts of operational amplifiers. The circuit in Figure 18a pro- 
vides OV at the op-amp output whenever the E/D input is set 
to logic 1. When the circuit is in the decode mode, E/D = 0 
the output voltage polarity is determined by the sign bit 
input level. With the sign bit set low, the I9p(—) output is ac- 
tive and the corresponding full scale output current, Ips ~ 
2mA, will generate a maximum negative voltage of —5V at the 
op-amp’s positive input. The chosen resistor values and their 
connections provide the op-amp with a gain of 2 and a 
maximum negative output voltage of -10V. With the sign bit 
set high the Igp(+) Output is active and the op-amp’s negative 
input will be held at virtual ground. With a full scale current of 
2mA flowing into the Iopi+) pin, the op-amp will act as a 
transconductance amplifier supplying 2mA to the Igp (+) pin 
via the 5kQ feedback resistor. This current will generate a 
maximum of +10V at the output, which will make the total 
output voltage swing between —10V and +10V. The circuit in 
Figure 18b similarly provides a voltage swing between —5V 
and +5V across the output capacitor. The output dynamic 
range expander circuit connections, shown in Figure 19, ex- 
tend the u-law Companding DAC’s dynamic range from 72dB 
to 78dB. The A-law Companding DAC’s dynamic range can 
be similarly increased from 62dB to 66dB. In this circuit, the 
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outputs Iop+) and Iogi+) are tied together, and Iop\-) and 
log(—) are tied together; the E/D input is used as a fifth step 
which represents the least significant digital data input, and 
provides the desired interleaving between the encode and de- 
code current levels. Each chord now contains 32 uniform 
steps, with the smallest step size value 0.254A and the 
largest value 32uA. The resulting full scale current is equal to 
the corresponding full scale encode current value, and the 
ratio between the full scale current value and the smallest cur- 
rent step value, I¢s/0.25, exceeds 8000 for the u-law Com- 
panding DAC. The smallest and the largest current step sizes 
will generate 0.625mV and 80mV changes, respectively, at 
the op-amp output. 


Digital inputs SB and E/D can be used together with data 
inputs B1 through B7 to provide an output multiplexing capa- 
bility when connected as shown in Figure 20. The logarithmic 
digital attenuator circuit combines the companding DAC’s mul- 
tiplying capabilities with the multiplexing function which is 
accomplished by using the SB and E/D inputs as channel 
select inputs. The analog signal, Vix, applied at the Va:_) 
reference input can be attenuated by approximately 0.3dB per 
step and 6dB per chord, throughout most of the output 
dynamic range. The SB and E/D inputs provide signal switch- 
ing combinations which will multiplex the attenuated analog 
signal into four different analog channels. 


TO A/D 
CONVERSION 


LOGIC 


+10V INPUT 


LIC-037 


ANALOG 


(— outruT 


+5,0V 


LIC-038 


b. Compliance Extension Using AC Coupled Output. 





Fig. 18. Some Output Voltage Expansion Schemes. 
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Fig. 19. Output Dynamic Range Expander. 
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Fig. 20. Logarithmic D 


For applications where the output dynamic range is to be 
smaller than 78dB, the circuit connection shown in Figure 21 
can be used. With given Vrer and Vx values, there are three 
resistor values, Rrer, R1, and R2, which need to be deter- 
mined. The starting assumption is that a maximum gain of 
unity from Vin to Voyt, (O0dB), is achieved with all digital 
inputs set to logic 1. The digital inputs all set to logic O will 
determine the minimum gain of the circuit and consequently 
the desired output dynamic range. Considering the currents 
flowing through resistors R1, R2, and Reef, and the DAC’s 
output with digital inputs at all 1’s, the following relationships 
can be established: 

Ik1 = Vout/R1 = lout + Ira: lour ~ 3.8 Ire: Ino = Vin/R2; 

IRee = (Vrer — Vin)/Rrer (1) 
The relationship between output voltages V’oyt and Vout 
and input voltages, Veer and Vin, can be expressed as fol- 
lows: 

V'out = 3-8(R1/Rrer) Vaer — [3.8(R1/Rper) + R1/R2] Vin 

(2) 
Vout = —[3.8 (R1/Rrer) + R1/R2] + Vin 


3-113 








IDEAL VALUES: Iper = Vaer/RRery = S28uA 
Ips = 2007.75uA + 32uA = 2039.75uA 
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In order to have unity gain, Voyt/Vin = 1, the coefficient for 
Vin in the equations (2) must also be 1: 


—[3.8 (R1/Rrer) + R1/R2] = 1 (3) 


Two additional conditions for calculating Rrer, Ri and R2 
values are the minimum gain value Gpjp, and the require- 
ments for the minimum and maximum Ip_er values, 0.1mA and 
1mA, respectively: 


Gmin,aB = 20 log [Voyt/Vin] = —20 log (R2/R1), 
and 0.1MA < (Vrer — Vin)/Rrer = 1MA 


(4) 
(5) 


The op-amp output in Figure 21 has a DC component that will 
be attenuated as well as the AC input signal. The output 
coupling capacitor is used to remove the DC level. However, 
during switching, the change in DC level will cause a step 
transient or “click” at the output. 
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Fig. 21. AC Coupled Digital Attenuator, Adjustable Range. 


Operating Modes 


The Companding DAC has two basic operating modes, de- 
code and encode, which are controlled by the Encode/ 
Decode, E/D, input signal. A logic 0 applied to the E/D input 
places the Companding DAC in the decode mode, and current 
will flow into the lop(+) OF Iop;—-) output, depending on the 
state of the sign bit, SB, input. A logic 1 at the E/D input 
places the Companding DAC in the encode mode, which dif- 
fers from the decode mode by a half step offset current in 
each chord, and current flows into one of the Io¢ outputs. 


The basic decoder connection for the Companding DAC is 
shown in Figure 22. The E/D input is grounded, which keeps 
the Companding DAC in the decode mode. The eight digital 
data inputs generate an output decode current which is con- 
verted by an operational amplifier to a bipolar voltage, Eo. 
Several discrete Eg values are tabulated in Figure 22 for both 
p-law and A-law versions of Companding DACs. The values 
indicated in parenthesis correspond to the A-law Companding 
DAC. 


The Companding DAC can be used together with a Succes- 
sive Approximation Register, SAR, a comparator, and addi- 
tional SSI logic elements to perform the encoding or com- 
pression of an analog signal. The circuit, Figure 23, repre- 
sents an Analog-to-Digital data conversion system. The first 
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task of this system is to determine the polarity of the incoming 
analog signal and to generate a corresponding SB input. 
When the proper START, S, and CONVERSION COMPLETE, 
CC, signal levels are set, the first clock pulse sets the MSB 
output of the SAR, Am2502, to a logic O and sets all other 
parallel digital outputs to logic 1 levels. At the same time, the 
flip-flop is triggered, and its output provides the E/D input with 
a logic 0 level. No current flows into the Io¢ outputs. This dis- 
connects the converter from the comparator inputs, and the 
incoming analog signal can be compared with ground which is 
applied to the opposite comparator input. The resulting com- 
parator output is fed to the Am2502 serial data input, D, 
through an exclusive-or gate. At the same time, the other 
input to the exclusive-or gate is held at a logic 0 level by the 
logic shown in Figure 23. This exclusive-or gate inverts the 
comparator’s outputs whenever a negative signal polarity is 
detected. This maintains the proper output current coding, i.e., 
all ones for full scale and all zeros for zero scale. 





The second clock pulse changes the E/D input back to a logic 
1 level because the CC signal changes. It also clocks the D 
input signal of the Am2502 to its MSB output, and transfers it 
to the SB input of the Companding DAC. Depending upon the 
SB input level, the Companding DAC’s output current will flow 
into the Io¢(4) OF Iog,—) Output. 
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Fig. 22. Detailed Companding DAC Decoder Connection. 
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Fig. 23. Detailed Companding DAC Encode Connection. 


Nine clock pulses are required to obtain a digital, non- 
complemented, binary representation of the incoming analog 
signal at the eight Am2502 digital outputs. The resulting 
analog output signal is compared with the analog input signal 
after each of the nine successive clock pulses. The analog 
input signal should not be allowed to change its value during 
the data conversion time. In high speed systems, fast 
changes of the input analog signals are usually prevented by 
using sample and hold circuitry. 


When the Companding DAC is used in a feedback loop with a 
SAR, the data input transitions in the successive approxi- 
mation search technique exhibit a maximum change of two 
adjacent bits, and the starting pattern is 0111 1111. The next 
successive pattern after the first iteration, will be either 
00111111 or 10111111. The worst case settling times are ex- 
perienced during step bit changes in chord 0, where the out- 
put current must settle to +0.25uA. The worst case settling 
time is about 600ns for code changes in the upper end of 
chord zero and 1800ns for code changes near zero. The sys- 
tem clock must take into account the settling time of the DAC, 
the switching speed of the comparator and the time delays in 
the SAR. In general, the DAC is the slowest Component, 
(comparator Am311’s delay is about 200ns and SAR delays 
are about 46ns), and will determine the clock rate. For op- 
timum accuracy the clock rate should accommodate the 
1800ns settling time near zero scale current. However, faster 
clock rates (1100ns-1800ns) can be used with some degrada- 
tion in accuracy for signals near zero. 


Microprocessor Based Data Acquisition 
Systems Applications 


High output resolution with guaranteed monotonicity over its 
entire dynamic range and digitally controllable inputs makes 
the Companding DAC very attractive for application in data 
acquisition and control systems. The encoding capability, in 


particular, provides an acquisition system with considerable 
flexibility, limited only by the rate of change of the acquired 
analog input signals. 


A typical data acquisition system using the Companding DAC 
is shown in Figure 24. The A to D data conversion procedure 
is controlled by the 9080A Microprocessor set, (Am9080A 
8-bit Microprocessor, Am8224 Clock Generator and Driver, 
and Am8238 System Controller and Bus Driver). The START 
one-shot circuit, Am26S02 will be activated by the START 
A/D command, (CS = 0, |OW = 0), which will initiate the A to 
D procedure by setting the S input of the SAR circuit, 
Am2502, to a logic 0. The width of the one-shot pulse must 
be greater than the period of the DATA CLOCK signal to ini- 
tialize the SAR logic. The duration of DATA CLOCK period 
must accommodate the worst settling time of the DAC and 
comparator Am311, to ensure valid data at the SAR input. 
The one-shot circuit may be eliminated, provided that the ex- 
pected worst case settling time does not exceed 1us and the 
SYSTEM CLOCK, $1, does not_exceed 2MHz. The first data 
clock after S goes low sets the CC output high, which in turn 
switches the input sample and hold circuit, (LF198), into the 
hold mode and puts the microprocessor into a wait state. After 
eight subsequent DATA CLOCK periods, (8 x 2us), the con- 
version complete signal, CC, changes from logic 1 to logic 0, 
which puts the S & H circuit into the sample mode and allows 
the microprocessor to resume its functions by removing the 
logic O from the RDYIN input of the Am8224 chip. With a logic 
1 at the SAR’s S input, the DATA CLOCK cannot change the 
SAR’s digital data outputs after completion of conversion. 
Thus, these outputs will be stable and available for sub- 
sequent interrogation. The_microcomputer will issue a READ 
A/D command, (CS = 0, IOR = 0), which enables the three- 
state data buffer, Am25LS241, and transfers the data outputs 
of the SAR to the system data bus and into the micro- 
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Fig. 24. Microprocessor Controlled Data Acquisition System. 


processor's accumulator. A subsequent memory write com- 
mand, then stores this data in the desired memory location. 
For the next A to D data conversion, the microprocessor must 
generate another START A/D signal. An A to D data acqui- 
sition can be achieved using only three 9080A instructions. 


OUT (to ADC device) —generation of START A/D command 

IN (from ADC device) —generation of READ A/D command 

STA (to MEMORY)  —Store digital representation of the 
acquired analog signal into memory 


If the required nine DATA CLOCK periods present a prohib- 
itively long wait state for the processor, the A to D procedure 
can be more efficiently handled using a suitable interrupt 
scheme. The logic shown in Figure 25 illustrates the A to D 
and D to A conversion using three interrupts. The external in- 
terrupt signal, VALID RECEIVE DATA, which initializes the A 
to D conversion, is received and processed by the Am9519 
Universal Interrupt Controller. It's output, GINT, is recognized 
by the 9080A Microprocessor logic and generates the INTA 





signal at the output of the Am8238. The VALID RECEIVE 





DATA signal will cause the receive S & H circuit to switch into 
the hold mode after 5us, via Am26S02 and associated flip- 
flop circuitry. This delay is needed to satisfy the sample time 
requirements for the (Am)LF398 S & H circuit, with C, = 
1000pF. This one-shot circuit may be eliminated if the analog 
input data is maintained unchanged for about 25us after rec- 
ognition of the VALID RECEIVE DATA signal. Upon receipt of 
an INTA signal, the Am9519 provides the address of an 
appropriate subroutine to the CPU. This subroutine will initiate 
the A to D conversion by generating the START A/D com- 


mand. After A to D conversion is complete, the DATA READY 


signal, identical to the CC signal, generates an interrupt for 
the 9080A microprocessor to read and store the results of the 
A to D data conversion via an octal, non-inverting, three-state 
driver, the Am25LS241A. The CC signal at the same time will 


switch the receiving S & H circuitry into the sample mode. 
Two sequences of 9080A instructions which perform the ac- 
quisition operations described are detailed in Table 10. The cor- 
responding functional flow charts are shown in general form in 
Figure 26. 


The addition of SSI logic shown in Figure 25 generates sig- 
nals CS2 and CS3 which transmit an analog signal generated 
by the DAC from digital information stored in the system 
memory. An external interrupt request for transmission of the 
analog signal, TRANSMISSION REQUEST, will initiate. the D 
to A conversion subroutine. A corresponding word in memory 
will be fetched into the 9080A accumulator and then latched 
into the Am25LS374, Octal D type register, via signals CS2 
and IOW. At the same time, the non-inverting three-state data 
bus transceivers, Am8T28, will be turned to the direction 
which corresponds to the D to A conversion procedure. The 
latch captures valid 9080A accumulator data, which will be 
used as the digital inputs throughout the D to A conversion 
procedure. The next instruction in sequence will be a com- 
mand to start sampling the Companding DAC’s decode out- 
puts, (CS3 = 0, IOW = 0), which will be already settled. As- 
suming that one 9080A I/O instruction takes about 5us at a 
system clock frequency of 2MHz, the next command in the in- 
struction sequence may generate a signal VALID TRANS- 
MISSION DATA, (CS3 = 0, IOR = 0), which will put the trans- 
mission S & H circuitry into the hold mode and return the data 
transceivers, Am8T28, to the direction which corresponds to 
the A to D conversion procedure. Input data for the Com- 
panding DAC is supplied by the SAR circuitry. A sequence of 
9080A instructions which could handle the D to A conversion 
procedure and analog signal transmission through the pro- 
gramming I/O interrupt scheme shown, is presented in Table 
10. The corresponding functional flow chart is shown in Figure 
26. 
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Fig. 26. Functional Interrupt Subroutine Flow Charts for Data Transceiving Converter. 
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TABLE 10 
INTERRUPT SUBROUTINES FOR SINGLE CHANNEL DATA TRANSCEIVING 
CONVERTER SYSTEM IMPLEMENTED WITH 9080A INSTRUCTIONS 


VALID RECEIVE DATA Interrupt Subroutine: 
OUT (to ADC) —Generate START A/D command. 


El — Enable other CPU interrupts. 
— Return to main program. 


DATA READY Interrupt Subroutine: 
STA (to TEMP) — Save accumulator content. 
IN (from ADC) 


— Read digital results from SAR outputs into accumulator. 


STA (to Memory) — Store accumulator’s content into memory. 


LDA (from TEMP) - 
El = 
RET 


TRANSMISSION REQUEST Interrupt Subroutine: 
STA (to TEMP) — Save Accumulator content. 
LDA (from DATA) 
OUT (to LATCH) 
OUT (to DAC) 

IN (from DAC) 
LDA (from TEMP) 
El 


Enable other CPU interrupts. 
Return to main program. 


— Enable other CPU interrupts. 
~ Return to main program. 


Motion Control Systems Applications 


The high resolution and accuracy of the Companding DAC 
transfer function for small output signa! levels provide a very 
smooth and precise analog control signal to devices whose 
outputs are voltage or current dependent. However, when 
major disturbances are detected in the system, the Com- 
panding DAC will produce correspondingly larger control 
analog signals which cause very fast output response of the 
controlled analog device. Figure 27 shows the Companding 
DAC used in a feedback loop to provide a small analog error 
signal to control the speed and direction of a voltage con- 
trolled motor in order to properly position the shaft. The shaft 
encoder generates an 8-bit digital word which represents the 
current shaft position of the motor. 


There are 256 discrete positions of the shaft which can be 
identified at the shaft encoder’s output. This output will be 
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— Load accumulator with digital data which will be converted to an analog signal. 

— Output data for D to A conversion to the latch circuit and START_D/A conversion. 

~ Generate Transmission SAMPLE command for S & H circuitry, CS3 = 0, IOW = 0. 

— Generate Transmission HOLD command for S & H circuitry, and VALID TRANSMISSION DATA signal. 
— Restore accumulator’s content before interrupt subroutine. 





sampled and latched using an 8-bit register, Am25LS273. The 
sampling rate is determined by dividing the time for one shaft 
revolution at the motor’s highest speed by 256. The maximum 
rate will be limited by propagation delays through the 
comparator and ALU chips and by the settling time of the 
Companding DAC. The output of the shaft position sampling 
register, data “B’, is digitally compared with the desired shaft 
position, data “A”. The magnitude of the difference between 
digital words “A” and “B” is directly porportional to the error 
of the motor shaft position. The sign of this digital subtraction 
provides information about the polarity of the analog error sig- 
nal which drives the motor in the direction necessary to de- 
crease the error. The speed of the motor is proportional to the 
magnitude of the error |A—B| . The sign and magnitude of the 
error are determined by two comparator chips, (Am9324 
Four-Bit Comparator), and two ALU chips, (Am25LS381 
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Figure 27. Nonlinear, Computer Controlled, Digital-to-Shaft-Position Conversion System. 


3-118 


Four-Bit Arithmetic Logic Unit). The end of the motor shaft 
correction procedure is indicated to the computer via the 
comparator’s output “A=B”. 


The eight digital bits of the error magnitude |A—B] are 
applied to the seven data inputs of the Am6070 and to the 
E/D input. The Am6070 outputs are connected to provide 32 
steps per chord, which totals 256 steps or a 78dB output 
dynamic range. The smallest and largest step sizes are 
0.254A and 32uA, respectively. The sign bit value is taken 
from the “A>B” output of the comparator circuit, and deter- 
mines the polarity of the op-amp, (Am)LF356, output voltage. 


The computer function in Figure 27 is mainly confined to ini- 
tializing the shaft correction procedure by latching the desired 
shaft position, data “A”. Clear commands may be issued dur- 
ing the power-up procedure in order to bring the motor shaft 
to some initial position. The application of the Companding 
DAC with its nonlinear transfer characteristic and its non- 
uniform step sizes which are proportional to the magnitude of 
the error, |A—B|, significantly reduces system transient re- 
sponse effects such as over-shoots and ringing while mini- 
mizing the time required to reach the new shaft position. The 
system can be programmed to be either critically damped 
(minimum response time) or under damped (no overshoot). 


Figure 28 shows a Companding DAC in a feedback loop 
which provides small analog error signals for control of the 
velocity of a voltage controlled motor. This is a paper cutting 
control system where paper is unwound from a feed roll and 
cut to size by a mechanical knife. In this application the Com- 
panding DAC is in the velocity feedback path and its output is 
used to generate a velocity profile command signal. The 
motor rotation is initiated from a front panel by depressing the 
START button. A COUNT-UP command from a micropro- 
cessor sets the binary counter to its count up mode, which 
drives the Companding DAC inputs. When some predeter- 
mined number of counts has been reached, the counter stops 
and the Companding DAC is held at a constant output value. 
The incremental encoder produces pulse counts proportional 
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Fig. 28. Paper Cutting Control System. 
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to the distance of paper travel. The desired paper size ex- 
pressed as a number of incremental encoder pulse counts is 
stored in a CPU storage register. The outputs of the incre- 
mental encoder are constantly accumulated in an internal 
CPU counter and are compared with the content of the CPU 
storage register throughout the entire velocity contro! proce- 
dure. When a match is found, the corresponding COUNT 
DOWN command is issued to the counter, the internal counter 
is cleared, and a new value is loaded into the internal storage 
register. 


The values which control the velocity of the motor are stored 
in a register, external to the CPU, and its content is compared 
with the outputs of a binary up/down counter during the 
motor’s acceleration and deceleration phases. Whenever a 
match is achieved, an interrupt signal will be generated and 
the working mode of the external counter changes. The final 
stop position is approached in a well controlled manner which 
stops the paper and cuts it with a minimum of overshoot and 
error. 

Figure 29 shows the necessary logic for generation of the 
velocity profile control signal. The CPU will first load the ex- 
ternal storage register, Am25LS273, via the LOAD signal, to 
the desired count-up value for the external up/down counter, 
Am25LS193. Upon recognition of the START request, the 
CPU issues the COUNT-UP command which enables the 
8-bit comparator chip, Am25LS2521. The zero initial digital 
code at the Companding DAC inputs produces zero voltage at 
the output, Voyrt. Every enabled conversion clock pulse will 
increase the Companding DAC output current by a corre- 
sponding amount, and the Voyr increases in accordance with 
the Companding DAC transfer characteristic. This portion of 
the velocity profile control signal corresponds to the motor ac- 
celeration phase. When the counter outputs match the content 
of the external storage register, the interrupt signal INT1 is 
generated, and the UP flip-flop is reset. 

This stops the up/down counter and the motor continues to ro- 
tate with a constant velocity, V1. Duration of the acceleration 
phase depends on the value initially stored in the external 
storage register and the frequency of the conversion clock. 
Upon recognition of the INT1 signal, the CPU will load a new 
value into the external storage register, which is used to de- 
celerate the motor from velocity V1 to a lower velocity, V2. 


During the constant velocity phase, V1, the encoder pulses 
accumulate in the CPU counter until the value “m’, stored in 
the CPU internal storage register, is reached. At this time the 
CPU will issue a COUNT DOWN command and reload the in- 
ternal storage register with the value ‘‘n”. The sum of these 
two values, m+n, should represent the length of the paper 
expressed in encoder pulses. This value is ‘“‘p” pulses shorter 
than the desired ideal paper length. 


The COUNT DOWN command initiates the count-down mode 
of the external up/down counter, PHASE |, and enables the 
comparator. When the counter outputs match the value stored 
in the external storage register, the interrupt signal INT2 is 
generated and counting stops. The motor continues to rotate 
with some constant velocity, V2, which is significantly smaller 
than velocity V1. This velocity, V2, is a function of the conver- 
sion clock frequency and the motor’s mechanical parameters 
such as inertia, weight, etc. The mechanical parameters may 
cause synchronization difficulties between the second decel- 
eration phase of the voltage waveform at Voyy7 and the actual 
velocity of the motor. The velocity V2 is much smaller than V1 
and allows a smooth, well controlled stop of the motor at the 
end of the PHASE II of count-down mode, and thus ensures 
the smallest possible overshoot and error. 
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Fig. 29. Microprocessor Controlled Generation of Motor Velocity Control Signal. 


The INT2 signal automatically clears the external storage reg- 
ister to all zeros and informs the CPU that the deceleration 
PHASE | is complete. The CPU continues, internally, to ac- 
cumulate the encoder pulses until their number becomes “n”. 
At this time the CPU issues a new COUNT DOWN command 
to initiate PHASE I! of the count-down mode, and reloads the 
internal storage register with a final number “p”. This number, 
when summed with the previous two numbers “m” and “n’, 
determines the final length of paper, m+n+p, and is accumu- 
lated in the internal CPU counter during PHASE II of counter’s 
count-down mode. At the end of this phase, the INT3 signal is 
generated and counting stops. The number of encoder pulses 
in the internal counter will be compared with the number “p” 
stored in the internal storage register. If a satisfactory match 
is found, the CPU issues a CUT command to the paper cut- 
ting station and the paper is cut to the desired size. Finally, 
the CPU issues the CLEAR command to initialize the INT 


flip-flops and clear the internal counter. It also reloads both in-. 


ternal and external storage registers with appropriate values, 
so that a new velocity profile control signal can be generated. 
Much of the logic. shown could be implemented in software, 
but this would require that much of the microprocessor re- 
sources be dedicated to this speed control function. 


Audio System Applications 


Audio system equipment applications require signal con- 
verters which can process bipolar analog audio signals within 
a +10V range. A DAC, in an audio system, provides digital 
gain and/or attenuation of input audio signals. This requires a 
multiplying DAC, i.e., it must accept an audio signal either in 
single ended or differential form, and process it as a function 
of the digital control inputs. Ideally, an audio level control de- 
vice provides an equal change, in dB, of relative signal level 


between any two adjacent digital codes or steps throughout 
its entire output dynamic range. However, differences be- 
tween steps which exceed 1dB can be annoying to the human 
ear. For high quality audio systems, the DAC must have low 
signal distortion, (on the order 0.05% or less over most of the 
dynamic range), large working dynamic range, (80dB or 
more), wide bandwidth, large signal to noise ratio, S/N, (80dB 
or more), and transient-free output gain-change operation 
which is independent of digital input states. 


The Companding DAC with its multiplying feature and its abil- 
ity to extend its dynamic range up to 78dB, satisfies or ex- 
ceeds most of these requirements. It handles audio input sig- 
nals up to +10V, and its output signal distortion is 0.02% or 
less over most of the audio signal range. Its nominal level/ 
step resolution is 0.15dB, and its S/N ratio is 80dB or better 
when referred to a 1V output. However, its total useful audio 
dynamic range, with a maximum 1dB difference between two 
adjacent steps, is only 59dB, and its output exhibits DC gain 
step transient effects, due to the required DC bias current. 


The Companding DAC’s DC output current potential “click” ef- 
fects must be suppressed for applications in audio systems 
where there are large changes in the digital input code. Figure 
30 shows the connection for the necessary DC output current 
compensation. The output dynamic range can be adjusted by 
varying the value of resistor R2. To suppress the DC step 
transients, the current lp compensates for all DC changes in 
current |,. The Iz current reflects only the AC changes in cur- 
rent I, and the current through resistor R2 due to changes in 
the Vix signal. This allows the attenuated Vy signal to be DC 
coupled through op-amp A2. The maximum gain for the circuit 
is assumed to be unity, (OdB), when all digital inputs are set 
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at logic 1. A determination of the resistor values Rpeer+, Ri 
and R2, was discussed in the section on the AC coupled digi- 
tal attenuator. The Reaer— value should be identical to Rrer+ 
value and the R3 and Ré4 values must be equal, so that the 
current, ly, will compensate for the DC component of 11: 


The 1dB audio resolution requirement truncates approximately 
19dB from the Companding DAC’s total dynamic range of 
78dB. The level ratio becomes greater than 1dB between the 
9th and 8th step of chord 0, (0.25uA/step). If the 1dB reso- 
lution criterion is applied to a comparable sign-plus-13 bit 
linear DAC, the corresponding 1dB requirement also takes off 
19dB, and the breakpoint occurs between the 9th and 8th 
step of the linear 13-bit DAC transfer characteristic. The 
subtle difference between the 13-bit linear DAC and the 
sign-plus-8 bit Companding DAC lies in the distribution of the 
dB ratio values within the steps of the 59dB workable audio 
dynamic range. For a linearly scaled 13-bit linear DAC, the 
level ratios in dB among the steps close to the full scale 
current are very small. The ratios increase as the step 
numbers decrease toward zero. On the other hand, the 
sign-plus-8 bit Companding DAC maintains a near constant 
0.15dB between steps over the entire dynamic range, with the 
exception of steps in chord 0. 


The 59dB working dynamic range is not wide enough for high 
quality audio systems which require an 80dB audio control 
range. To. satisfy this requirement, two DACs can be 
cascaded with their digital inputs driven in parallel. The total 
dynamic range is now increased to 156dB and the working 
range, (1dB/step or less), is now approximately 106dB. A 
cascading scheme for Companding DACs, which also 
provides for DC transient-free operation, is shown in Figure 
31. The advantage of the cascaded Companding DAC’s 
scheme over a similar cascaded linear DAC’s scheme is in 
the number of control bits required to achieve the 106dB 
range and in the 0.3dB/step uniform attenuation distribution 


over most of the 106dB range. The audio signal, Vjy, is 
shown in Figure 31 as a single input. 


All three Companding DACs in Figure 31 have their SB inputs 
tied to logic 1. The reference currents for all three DACs 
should be maintained at positive values throughout the 
attenuation procedure by proper selection of the input resistor, 
Rin = Vin/lin, where lin < IRer- In Figure 31, the maximum 
lin Value is equal to one half of the DC reference current, and 
the maximum value of Viy is only limited by the output 
voltage swings of operational amplifiers A2 and A3. The DC 
transient effects in the cascaded DACs are compensated for 
by using a Companding DAC followed by the A1 op-amp. The 
DC compensation circuitry is completely isolated and 
independent of the AC effects of the applied audio signal Vin, 
and the only critical requirement is matching Ry and Rper(+)- 
The step sizes in all chords should be matched for all three 
Companding DACs. For audio signals with amplitudes not 
more negative than —5V, (Companding DAC’s maximum 
negative output voltage is —5V), the At op-amp can be 
eliminated, and the positive inputs of the A2 and A3 op-amps 
can be driven by the DC compensating DAC directly. 


Companding DACs, with their logarithmic transfer function, 
are natural generators for the attack and decay analog signal 
waveforms used in electronic organs and musical 
synthesizers. A waveform’s attack, sustain, and decay times, 
together with additional harmonic content information, 
determine the sounds of a particular musical instrument. For 
example, woodwinds have very short attack and decay times. 
The circuit shown in Figure 32 generates trapezoidal-like 
waveforms with exponential rise and fall times under the 
control of an 8-bit microprocessor, Am9080A. Digital inputs 
are supplied by two pairs of 4-bit binary counters, 
Am25LS191, which are set to the Count Down mode. All of 
the counters are simultaneously loaded by the LOAD 
command which is decoded from the microprocessor’s 
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address signal combination. Companding DACs 1 and 2 are 
in the decode mode. The SB inputs are determined by the 
most significant data bit, DB7, which is stored in the flip-flop 
during counter loading. The Companding DACs’ decode 
outputs which have the same polarity are tied together and 
fed into an LF356 operational amplifier. After the settling time 
required for the Companding DAC’s outputs, the currents at 
the op-amp’s inputs should be equal, and its output, Vout, 
should be 0V. A command COUNT #1 closes the analog 
switch, AHO014, and enables counters 1A and 1B via their 
ENABLE inputs. The 500kHz clock frequency allows sufficient 
settling time for the Companding DAC’s outputs. The initial 
rise of the op-amp output voltage, Voyr, depends on the 
number initially stored in the counters, i.e., it depends on the 
starting point of the Companding DAC transfer characteristic. 
When Counter #1 reaches zero, the INT1 signal indicates 
underflow, further counting stops, and the microprocessor is 
informed about the end of Counter #1 operation. After a 
certain sustain time, which can be preprogrammed, the 
microprocessor issues the COUNT #2 command and the 
Vout waveform starts its decay portion. The time duration of 
the Attack and Decay slopes generated by the logic in Figure 
32 are equal and is specified by the starting count in Counters 
#1 and #2. 


Note that the microprocessor can contro! the counting 
functions and the external counter could be replaced with 
simple, octal data latches. With the increased use of digital 
techniques and microprocessors for control functions in 
complex audio systems, microprocessor controlled analog 
waveforms, similar to those generated by the logic in Figure 
32, may become very desirable and attractive tools for the 
generation of various audio effects. However, it is important to 
remember that the output from the Companding DAC consists 
of discrete, non-uniform steps and is not continuous. To 
obtain a real, continuous signal from the output, some filtering 
or integration may be required. 


Telecommunication System Applications 


Digital PCM transmission systems compress analog speech 
signals into a train of 8 digital bits for each sample. They 
transmit this information and then decode and expand it back 
into analog signals. The Companding DAC represents a 
monolithic solution for most requirements of the PCM 
encoding and decoding procedures. This device replaces a 
considerable number of discrete and hybrid components in 
existing PCM transmission schemes. At the same time, the 
Companding DAC provides increased signal-to-noise ratio in 
the system, reduces system signal distortions and stimulates 
further development and wider usage of digital channel 
switching techniques. 


Currently, most transmission systems in the United States 
follow the Bell 03 communication channel bank specifications, 
where each channel bank consists of 24 voice channels and 
the necessary transmission equipment. The entire signal 
sampling, encoding and multiplexing procedure in the 24 
channel bank system must be performed within 1254s. The 
PCM channel time slot distribution, within a one 125us time 
frame, is shown in Figure 33. Each slot contains an 8-bit 
digital representation of a particular signal sampled from a 
corresponding voice channel. The total number of bits in the 
D3 channel bank time frame is calculated as follows: (24 
channels x 8 bit/channel)+ 1 signalling bit = 193 bits. The 
additional single bit is used to identify the beginning of a 
frame, and data is transmitted at 1.544MHz (193 bits/samples 
x 8000 samples/sec). In addition, in every sixth frame the 
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Fig. 33. PCM Channel Timing Frame Format. 


least significant bit in each channel slot is used for 
communication signalling purposes. Consequently, the signal 
samples in every sixth frame are represented with only 7 
digital bits. The increase in signal distortions in this time frame 
is slight and is not considered significant for PCM voice 
transmission performance. When the Companding DAC is 
used as a simple decoder at the receiving side of a system, 
the connection shown in Figure 19 can be used to minimize 
distortion caused by the absence of the feast significant bit, 
B7, during these signalling frames. When the signalling frame 
is recognized, the Companding DAC output is increased by a 
half step from its corresponding decode output value by 
switching the E/D input from a logic 0 level to a logic 1. 
However, the European systems, using A-law devices, have 
32 channels per bank where the 2 channels are used for 
signalling information. Each frame requires 256 (32 x 8) bits. 
The corresponding data transmission rate is 2.048MHz (256 
bits/sample x 8000 sample/sec). 


In a two-way PCM communication system, a single 
Companding DAC can perform the time shared encoder and 
decoder functions known as the CODEC function. The logic 
state of the E/D input determines the operating mode of the 
Companding DAC and switches the output current to the 
appropriate outputs. The Companding DAC digital inputs 
during the encode operation are generated by the successive 
approximation procedure. In the decode mode, the eight 
digital inputs are supplied from an external source, either in 
serial or parallel. The basic diagram for a typical CODEC is 
shown in Figure 34. 


The logic in Figure 34 provides automatic handling of the E/D 
signal levels during the CODEC’s XMT mode of operation. 
The first task of the system is to initialize the SAR circuit by 
proper manipulation of the START input for the successive 
approximation procedure. The XMT COMMAND should be 
synchronized with the low-to-high transition of the START 
pulse, and its level must be held at logic 1 for the next 8 
CLOCK pulses to keep the three-state XMT buffer, 74126, in 
the low impedance state. During the A to D conversion period, 
a seria! train of 8 digital bits, which represent the sample at 
the TRANSMIT ANALOG INPUT in Figure 34, appears on the 
XMT DATA line. XMT and RECEIVE commands are mutually 
exclusive. 

The CODEC in Figure 34 is set to the receive mode of 
operation by setting the RECEIVE command signal to a logic 
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Fig. 34. PCM Encoder/Decoder or Transceiving Converter. 


0 level after the START pulse returns to its positive level. A 
serial data source, DATA STORAGE, supplies a digital train 
of 8 bits to the serial input D of the SAR circuit via the 
three-state buffer, RCV, 74126. At the same time, the 
RECEIVE command signal level keeps the exclusive-or gate 
output separated from the same SAR’s serial D input via 
another three-state buffer, SEP. The same command also 
keeps the E/D input of the Companding DAC at logic 0 
throughout the entire D to A procedure via the MODE flip-flop 
in the successive approximation logic. In this CODEC’s 
receive mode, the SAR circuit acts as a serial-to-parallel shift 
register for the incoming data on the RECEIVE DATA line. 
After the 8 clock pulses, the outputs of the SAR are ready for 
the D to A conversion. An analog current representation of the 
RECEIVE DATA train appears at the RECEIVE ANALOG 
OUTPUT, after an appropriate settling time. During this time 
the SAR outputs must remain unchanged and the START 
signal must remain at logic 1. The RECEIVE command signal 
must be held at logic 0 for the entire D to A conversion time 
which includes the Companding DAC’s settling time. The 
CODEC must sample the analog input prior to each A/D 
conversion. During this sampling period the analog input 
signal will be changing and the Companding DAC cannot be 
used to encode this signal. The total encoding time must 
include the sampling time and the A/D conversion time. If the 
sampling time period is greater than the time required for the 
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decoding procedure, the Companding DAC can be used as a 
decoder during this time period and thus, the decoding 
operation will not require any additional system time. 


The CODEC operations in PCM communication systems can 
be performed on a single channel or on multiple channels in a 
multiplexed channel switching scheme. The final number of 
multiplexed channels which can be served by a single 
Companding DAC with a data sampling rate of 8kHz is limited 
by the CODEC’s sampling and settling times. 


Two examples of a single channel PCM CODEC are shown in 
Figure 35 and 36. The major difference is in the structure of 
the XMT and RECEIVE data bus. The paratlel data 1/0 
CODEC in Figure 35 transmits. and receives digital data in 
parallel form. The parallel data CODEC contains data bus 
transceivers, (Am)8T26, for handling data in communications 
systems which might be controlled by one of the popular 8-bit 
microprocessors. A parallel data I/O CODEC has a 
considerably shorter D to A conversion time than a serial I/O 
CODEC. 


The circuits shown in Figures 35 and 36 are controlled asyn- 
chronously with START, XMT, RECEIVE and their corre- 
sponding SAMPLE COMMANDS, which are generated and 
supplied externally by a communication system. The CLOCK 
signal is also externally supplied, and in the case of a serial 
data I/O CODEC, it must be synchronized with the incoming 
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and outgoing serial data train. The CODEC’s only output con- 
trol signal, CONVERSION COMPLETE, CC, provides the ex- 
ternal communication system with information necessary to 
generate a XMT signal during the encoding procedure. XMT 
and RECEIVE commands are mutually exclusive. The trans- 
mit and receive data transfers can be performed either alter- 
nately or simultaneously. In the latter case the external com- 
munication system must employ separate transmit and re- 
ceive data buses. In addition, storage devices external to the 
CODEC logic must be provided for the receive data. The code 
assignment for outgoing or incoming parallel data provides 
uncomplemented binary values for sign and magnitude. The 
DAC data bus, as a result, yields “high zeros” density for 
small output signal amplitudes. 


To perform a transmit operation cycle, the START pulse must 
be held low for one clock cycle. Data conversion for a trans- 
mit operation is completed in 9 clock cycles, where the ninth 
cycle initializes the SAR for the next successive approxi- 
mation procedure. 


The RECEIVE operation in parallel data I/O CODEC is per- 
formed without using SAR logic, and the corresponding D to A 
‘data conversion does not require a CLOCK signal. Duration of 
the RECEIVE command signal must accommodate the Com- 
panding DAC’s settling time, plus the sampling time (~5ys) 
required by the S & H circuit, used at the CODEC’s analog 
output. The typical settling time for the worst case input code 
transition from all ones to all zeros is about 4us. The re- 
ceiving data must not change during this time. A XMT com- 
mand must be issued after a high-to-low transition of the CC 
signal, and its duration depends on the time required by the 
external system logic to sample the correct content from the 
8-bit parallel data bus. A sample command pulse for a trans- 
mit operation can coincide with the START pulse; its duration 
depends on the sample and hold circuit used at the CODEC’s 
analog input. A sample command pulse for a receive oper- 
ation must be delayed from a low-to-high transition of the 
RECEIVE command signal by an amount equal to the Com- 
panding DAC’s settling time. Its termination can coincide with 
a high-to-low transition of the RECEIVE command signal. 


in the serial CODEC the duration of XMT and RECEIVE 
command signals must similarly accommodate all signal 
propagation delays, as well as the settling and sampling 
times, necessary for conversion of an outgoing or an incoming 
series of 8 digital bits. During the receive operation, the SAR 
is acting as a serial-in to parallel-out shift register for data 
supplied from an external serial source. Shifting data into the 
SAR requires 9 clock pulses. A sample command pulse for a 
transmit cycle must be issued before an XMT command sig- 
nal; its duration depends on the S & H sampling time used at 
the CODEC analog input. A sample command pulse for a re- 
ceive cycle must be delayed by a time equal to the Com- 
panding DAC's settling time after a high-to-low transition of 
the CC signal occurs. The data transmission rate at the re- 
ceive line is limited only by the shifting speed of the SAR 
which is rated at 15MHz. The data transmission rate at the 
serial CODEC’s data XMT line is limited by the settling time of 
the Companding DAC and propagation delays through the 
comparator, exclusive-or, buffer (74126), and SAR devices. 


{n a one-way PCM communication system the Companding 
DAC can be used as the decoder at the receiver end of a sys- 
tem or as a part of the encoder at the transmission end of a 
system. The transmission data bit rate for 24 communication 
channels sampled at 8kHz is 1.544 megabits/sec. This trans- 


mission rate allocates 0.64us for each of 193 bits within a 
125us long 24-channel time frame. A 24-channel PCM de- 
coder which is capable of handling this transmission bit rate is 
shown in Figure 37. This schematic does not show the logic 
necessary for recognition of frame and signalling bits. To 
handle a single bit in 0.64us the total signal propagation time 
through the 8-bit D-type register, Am25LS273, the Com- 
panding DAC, Am6072, and the op-amp must not exceed 8 x 
0.64us = 5.12us. This corresponds to the total shifting time 
of 8 bits through the serial-in, parallel-out, shift register, 
Am25LS164. The most critical propagation delay is caused by 
Companding DAC’s worst case settling time which corre- 
sponds to the worst possible input transition of 1111111 to 
0000000, which can occur during D to A conversion. If 4us 
are taken for the worst case settling times of the DAC and 
op-amp, only 1.12us are left to be distributed to all other time 
delays in the system. The 4-bit counter, Am25LS161, and 
8-bit shift register, Am25LS164, are synchronized with the 
system supplied data clock at 1.544MHz. The additional logic 
in Figure 37 consists of analog switches AHO014 and 
AM9712, and the corresponding SSI control logic. This switch- 
ing scheme provides a minimum of crosstalk between output 
analog channels which may occur due to a possible break- 
before-make switching problem. The output analog channel 
hold capacitor values depend a lot on the type of a load at 
these outputs. The Bell D3 specification specifies system per- 
formance down to signal levels of —50dB (00000111 code on 
the transfer curve). Worst case settling time from full scale to 
—50dB is about 2.5us. Decoders in excess of 24 channels, 
can be built using this settling time but they will have some- 
what higher distortion for signal levels below —50dB. 


In the PCM encoder schematic shown in Figure 38, the 
maximum settling time for the Am6072 is assumed to be 
1.2us for the worst input bit change. The Bell D3 specification 
can be satisfied using a settling time of 1.2us, which is the 
worst case Settling time in the successive approximation pro- 
cedure for signals near —50dB (lowest level on D3 specifica- 
tion). There will be some additional error for very low level 
signals, but the overall system will meet the D3 specification. 
The additional logic delay in the feedback path is estimated to 
be 100ns maximum, and is distributed among the comparator, 
Am686, the digital 2:1 multiplexer, Am74S258, the exclusive- 
or circuit, 74LS86, and the SAR, Am2502. This yields 1.3us 
for one successive approximation iteration. Further timing 
analysis shows that, with no additional delays, 12 channels 
can be encoded within the 125s: 


1.3us °8¢12 = 10.4us ° 12 = 124.8us 
Clock = 1/1.34s = 769.23kHz 


Two methods are used in the schematics in Figure 38, to pre- 
vent additional delays. First, a special switching scheme of 
analog input signals is employed to sample a channel! from 
one group while a channel from the other group is encoded. 
This sampling scheme saves the time required for sampling of 
an analog input and provides a solution for encoding a 
maximum number of channels for the given “one-bit iteration” 
time. This design uses analog multiplexers, AM9712, and 
sample and hold circuits, (Am)LF398. The analog multiplexer 
at the Companding DAC output, AH0014, switches to another 
comparator during the time allocated for the first bit iteration, 
when the sign bit of a sample is established and no current 
flows through Io9¢ outputs. Secondly, a one shot circuit is used 
to modulate the positive period of the first data clock pulse, 
after the SAR’s CC signal is generated. The one shot pulse 
should split the positive portion of this first clock pulse into 
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Fig. 37. 24-Channel PCM Decoder. 


two positive pulses, and the positive edge of the second pulse 
will initialize the SAR and eliminate the need for a ninth pulse. 
The net effect of this pulse modulation is a reduction of the 
time available to the SAR for the determination of the sign bit 
value and reduction of the time available for recording the 
SAR outputs with the correct feast significant bit value. How- 
ever, the time for sign bit evaluation is 14s, and the LSB 
value can be taken from the SAR’s serial data input D at the 
time of conversion completion. The encoding logic in Figure 
38 is fully synchronized with the system supplied data clock 
which is input at a frequency of 769.23kHz. A similar en- 
coding scheme provides encoding of 8 channels within the 
125s time without the circuits which are enclosed by dotted 
lines in Figure 38. Only one S & H circuit and one comparator 
can be used, and the AHO0014 and 748258 circuits can be 
eliminated. This D3 system’s 8-channel PCM encoder has 
15.6us for an A/D conversion, which allows 5.2us for the 
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analog multiplexer, (AM9712), and S & H, (LF398), to switch 
and settle prior to the actual A/D conversion which takes 
10.4us. 


One multiplexed CODEC using a single Companding DAC is 
shown in Figure 39. The CODEC’s entire activity is syn- 
chronized with a data clock which drives the RECEIVING 
REGISTER, Am25LS22 (8-bit Serial/Parallel Register), the 
SAR, Am2502, and the 4-bit binary counter, Am25LS161. 
Maximum clock frequency is limited by the delays involved in 
the encoding path and by the data transfer protocol chosen 
for the XMT and RECEIVE data lines. Using 1.8us for the 
Companding DAC’s longest settling time and 150ns for all 
other propagation delays in the encoding path, the minimum 
time for eight iterations amounts to 8 x 1.954s = 15.6us. The 
corresponding Data Clock frequency is 512.82kHz. A time 
frame of 125s contains eight time-slots of 15.6us each. 
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Fig. 38. 12-Channel PCM Encoder. 


The CODEC in Figure 39 has four multiplexed channels, and 
uses the data conversion protocol illustrated in Figure 40. This 
protocol allocates equal time to the encoding and decoding 
procedures. Although this is not the most economical timing 
scheme, it significantly simplifies the CODEC’s logic. The 
value of the most significant bit, MSB, of the 4-bit counter 
controls the switching between the encode and decode func- 
tions, and the switching of the input and output analog chan- 
nels in the analog multiplexers, AM9712, via 1 of 4 decoder 


circuit, AmM25LS2539, (Dual 1 of 4 decoder). During the nega- 
tive half of the MSB period, the S & H circuit is placed in the 
hold mode, the DATA CLOCK and the outputs of BUFFER 
REGISTER, Am25LS373, (Octal Transparent Latch), are ena- 
bled and the Companding DAC is placed in the encode mode. 
At the same time, the RECEIVING REGISTER, Am25LS22, is 
receiving data with its outputs in the high impedance state. All 
analog switches, XMT and RECEIVE, are open during this 
negative portion of the MSB signal. 
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During the positive half of the MSB signal period, data clock 
inputs to the SAR and RECEIVING REGISTER, and START 
input to the SAR, are kept at logic 0. The S'& H circuit is put 
into the sample mode, the BUFFER REGISTER is put in the 
high Z state, the RECEIVING REGISTER outputs are en- 
abled, and the Companding DAC is put into the decode 
mode. During this positive period, the currently addressed 
XMT and RECEIVE analog switches are closed. The positive 
going edge of the MSB signal also updates the address code 
for the analog switches. 


Additional timing analysis reveals that by using different and 
reduced maximum settling times, for the encode and decode 
portions of the above described data conversion protocol, the 
number of multiplexed channels can be significantly in- 
creased. However, the necessary logic for control and timing 
of unequal encode and decode data conversion time periods 
will be more complex than the logic shown in Figure 39. The 
same encode/decode alternating timing procedure, with 1.15 
allocated for the A/D settling time, and with only 5.6us al- 
lowed for D to A conversion, (not limited by the DAC), will re- 
sult in eight multiplexed channels. Systems requiring more 
than eight channels can be built using multi sample and hold 
circuits to reduce the input sampling time period. The 
maximum number of channels, limited by the Companding 
DAC’s settling times, can be further increased by adjusting 
data clock frequency to its optimal values for each of the suc- 
cessive approximation bit-iterations, repeatedly, for every A/D 
data conversion. 
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SUMMARY 


The Companding DAC was originally developed for the needs 
and requirements of PCM communication systems. When 
used to perform a decoder function, at an 8kHz sampling rate, 
a single Companding DAC can comfortably serve up to 24 
voice channels. As a part of the encoding scheme, the Com- 
panding DAC can accommodate 12 D3 communication chan- 
nels. For implementation in CODEC functions, the Com- 
panding DAC is ideal for single channel CODEC schemes. 
The length of the output current’s settling time is the most im- 
portant parameter to be considered for the Companding 
DAC’s implementation in multiple channel CODEC schemes. 
An 8 channel CODEC is probably an optimum number of 
channels which can be served by a single Companding DAC. 


The timing restrictions are not of such importance in industrial 
systems. A logarithmic-like, piece-wise transfer function and 
the very fine resolution and accuracy of a 12-bit linear DAC 
which are achievable in the Companding DAC’s chord 0, pro- 
vides industrial systems with a very sensitive tool. In addition, 
the Companding DAC’s compatibility with 8-bit micropro- 
cessors offers a very powerful control vehicle in the areas of 
data acquisition and instrumentation systems. A wide dynamic 
range of 78dB which can be extended by a cascading 
scheme to 156dB or more, and a high signa!-to-distortion ratio 
of 80dB, allow usage of the Companding DACs for attenua- 
tion functions even in a high fidelity audio system. Industrial 
applications represent a large potential market for Com- 
panding DACs and they should be given serious consideration 
by industrial system designers. 
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Fig. 39. 4-Channel PCM CODEC with Simultaneous XMT and Receive Data Transfers. 
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Am1488 


Quad RS-232C Line Driver 





Distinctive Characteristics: 


¢ Conforms to EIA specification RS-232C * 100% reliability assurance testing in compliance with 
¢ Short circuit protected output MIL STD 883 


e Simple slew rate control with external capacitor e TTL/DTL compatible input 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am1488 is a quad line driver that conforms to EIA speci- 
fication RS-232C. Each driver accepts one or two TTL/DTL 


inputs and produces a high-level logic signal on its output. aw 2—f 7 o— nour 


The HIGH and LOW logic levels on the output are defined by 4 
the positive and negative power supplies to the drivers. For : S| _je— B OUT 
power supplies of plus and minus nine volts, the output levels : 
are guaranteed to meet the +6-volt specification with a 3kQ crn Bi At 
load. There is an internal 3009 resistor in series with the am 
output to provide current limiting In both the HIGH and LOW : ogo oour 
logic levels. The Am1488 driver is intended for use with the D2IN 
Am1483 or Am1489A quad line receivers. 

v~- = Pin 


= Pin 14 


GND = Pin7 Lic-316 


CIRCUIT DIAGRAM 
(one driver shown) 


LIC-317 


Am1488 ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 


Package Temperature Order 
Type Range Number 
Hermetic DIP 0°C to +75°C MC1488L 


Molded DIP O°C to +75°C AM1488PC 
Dice 0°C to +75°C AM1488XC 


: Pin 1 is marked for orientation. LIC-318 





Am1488 
MAXIMUM RATINGS (Above which the useful life may be impaired) 









































Storage Temperature —65°C to +175°C 
Temperature (Ambient) Under Bias 0°C to +75°C 
Supply Voltage to Ground Potential Vt +15V 

V- = —15V 
DC Voltage Applied to Outputs for High Output State . (V* +5.0V) > V, > (V7 —5.0V) 
DC Input Voltage +15V 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


The following conditions apply unless otherwise specified: 
























Ta = 0°C to +75°C, Vt = +9.0V, V— = —9.0V 
Parameters Description Test Conditions Min. ae 1) Max. Units 
lie Logical ''O” Input Current VIN = OV —1.0 mA 


Ry = 3.0kQ, vt =9.0V, V— = —9.0V 













VoH High Level Output Voltage 



















VIN = 0.8V Vt = 13.2V, V— = —13.2V 

Ri =3.0kQ, Vt =9.0V, V— =-9.0V 
Low Level Output Voltage 

VIN =1.9V Vt = $3.2V, V— = -13.2V 











High Level! Output Vv s0V: Vin =0.8V 
Short-Circuit Current Our 2 TN ; 


Low Level Output Vv =OV. Vin =1.9V 
sc Short-Circuit Current sag my : 


Vt =9.0V, V— =9.0V | . 
vt = 15V, V— = —-15V | 


















Positive Supply Current 






(Output Open) 









Negative Supply Current 
(Output Open) 






VIN = 0.8V 
























Vt =9.0V, V— = -9.0V 
vt=12V, V-=—-12V 






Power Dissipation 





Switching Characteristics (T, = 25°C, V* = +9.0V, V- = —9.0V) 
Parameters Definition Test Conditions Min Typ Max Units 
Delay from input LOW to output HIGH , 
Delay from input HIGH to output LOW | 














Output rise time 














Output fall time 


Note 1. Typical values are for TA= 25°C. 











Am1488 


Vo, OUTPUT VOLTAGE (VOLTS) 


—12 
0 0.2 0.406 08 1.0 1.2 1.4 1.6 1.8 2.0 


TYPICAL CHARACTERISTICS 


Transfer Characteristics 
versus Power-Supply Voltage 
12 ——— 














Vt = Va = #12V 

9) yts y— = +9V in 
a 
6) vt =vo= sey a 
1 : FE 
3 ——t—t + ++ FS 
i 4 2 
0 1. w 
ra 
3 i 7 
= 
! a 
-6 2 

-9 4 
































Vin, NPUT VOLTAGE (VOLTS) 


Vin Vo 


3kQ 


Short-Circuit Output Current 


versus Temperature 








—55 0 25 75 
AMBIENT TEMPERATURE (°C) 


Isc, SHORT CIRCUIT OUTPUT CURRENT (mA) 








Output Slew Rate 
versus Load Capacitance 





















































CL, CAPACITANCE (pF) 


t 


16 





125 


Vt, -V—, POWER SUPPLY VOLTAGE (VOLTS) 


Metallization and Pad Layout 


DIE SIZE 0.053” X 0.054” 








Output Voltage and 
Current-Limiting Characteristics 























to, OUTPUT CURRENT (mA) 





























-16-12 -8 -4 0 4 8 12 16 
Vo, OUTPUT VOLTAGE (VOLTS) 


1.9V 
° 
Isc_ 
“pe -D* 
"= Vo 
0.8 Vt=V—=+9V 


Maximum Operating Temperature 
versus Power-Supply Voltage 














T, TEMPERATURE (°C) 


LIC-319 





Am1489-Ami489A 


Quad RS-232C Line Receivers 





Distinctive Characteristics: 


¢ Compatible with EIA specification RS-232C e 100% reliability assurance testing in compliance with 
MIL STD 883 
¢ Input signal range +30 volts e Includes response control input and built-in hysterisis 


FUNCTIONAL DESCRIPTION: LOGIC SYMBOL 

The Am1489 and Am1489A are quad line receivers whose electrical char- 

acteristics conform to EIA specification RS-232C. Each receiver has a 

single data input that can accept signal swings of up to +30 V. The output 

of each receiver is TTL/DTL compatible, and includes a 2kQ resistor Ina — O 3. ouTA 
pull-up to Vcc. An internal feedback resistor causes the input to exhibit LD 

hysterlsis so that.-AC noise immunity is maintained at a high level even RCA — 

near the switching thresholds. For both devices, whena receiver is ina LOW 


state on the output, the input may drop as LOW as 1.25 volts without 4 6 

affecting the output. Both devices are guaranteed to switch to the HIGH INB a as OUT B 

state when the input voltage is below 0.75 V. Once the output has switched 5 

to the HIGH state, the input may rise to 1.0V for the Am1489 or 1.75 V aCe 

for the Am1489A without causing a change in the output. The Am1489 is 

guaranteed to switch to a LOW output when its input reaches 1.5 V and, inc 2 jo —____8 OUT C 

the Am1489A is guaranteed to switch to a LOW output when its input 6 

reaches 2.25V. Because of this hysterisis in switching thresholds, the R.C.C 

devices can receive signals with superimposed noise or with slow rise and 

fall times without generating oscillations on the output. The threshold 

levels may be offset by a constant voltage by applying a DC bias to the 

response control input. A capacitor added to the response control input 

will reduce the frequency response of the receiver for applications in the 

presence of high frequency noise spikes. The companion line driver is Veg = PIN 14 
the Am1488. GND == PIN 7 








CIRCUIT DIAGRAM 
(one receiver) 


R¢ = 10kQ (AM1489) 
Rf = 2kQ (AM1489A) 


RESPONSE O 
CONTROL 


LIC-321 


Am1489/Am1489A ORDERING INFORMATION kin DIAGRAM 
Top View 


Am1489 Am1489A 
Package Temperature Order Order 
Type Range Number Number 
14-pin Molded DIP O°Cto+75°C  AM1489PC AM1489APC 
14-pin Hermetic DIP O0°C to +75°C MC1489L MC1489AL 
Dice 0°C to +75°C AM1489XC AM1489AXC 


NOTE: PIN 1 is marked for orientation. LIC-322 
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Am1489/1489A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 




















Storage Temperature —65°C to +175°C 
Temperature (Ambient) Under Bias 0°C to +75°C 
Supply Voltage to Ground Potential (Pin 14 to Pin 7) Continuous —0.5Vto +10V 
DC Voltage Annlied to Outnuts far High Outnut State —O.5Vto +VU. max 
Input Signal Range —30 V to +30 V 
Output Current, Into Outputs 30 mA 
DC Input Current Defined by Input Voltage Limits 





ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 


Am1489, Am1489A T, =0°C to +75°C Veo = 5.0V 41% Response control pin open 


Units 


ax 
Volts 
45 Volts 
3 


Parameters Description Test Conditions Min Typ (Note 1) 


Output HIGH Voltage lo = —0.5:mA : 
| Vin = +0.75 V or open 
lo, = 10 mA 
Output LOW Voltage OL 
ies 2 Viy = 3.0V 


Vou 

7 Am1489 1.0 1.25 
Vi Input HIGH Level Threshold | Ta = 28°C 
! 





M 
4.0 
0.2 0. 
: 1 
Volts 
i 2.25 


Input LOW Level Threshold | T, = 25°C, Voy = +2.5V 075 {| | 125 | Volts — | 


if Input LOW Current iN mA 

Vin = —25V —8 
Vin = +3.0 V 

Input HIGH Current In = + mA 
Vin = +25V . 8.3 

Output Short Circuit Current Vin = 0.0 V : mA 
Voyr = 0.0 V 

Power Supply Current Veco = MAX, mA 


























Note: 1) Typical Limits are at V.¢ =5.0 V, 25°C ambient and maximum loading. 


Switching Characteristics (T, = 25°C, response control pin open, C, = 15 pF) 


Parameters Definition Test Conditions Min Typ Max Units 
Delay from Input LOW to Output HIGH 
Delay from Input HIGH to output LOW 














Output Rise Time (10% to 90%) 
Output Fall Time (90% to 10%) 
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Am1489/1489A 


TYPICAL CHARACTERISTICS 


Am1489 Input Threshold Am1489A Input Threshold 
Input Current Voltage Adjustment Voltage Adjustment 





























0 
—2.0 
4.0 

6.0 
8.0 























Vo, OUTPUT VOLTAGE 
Vo, OUTPUT VOLTAGE 





lin, INPUT CURRENT (mA) 






























































0 0 
-25 -15 -5.0 0 +5.0 +15 +25 -3.0-2.0-1.0 0 +1.0+2.0 +3.0 +4.0+5.0 —3.0 -2.0-1.0 0 +1.0 +2.0 +3.0+4,0+5.0 
Vin, INPUT VOLTAGE (VOLTS) Vin, INPUT VOLTAGE Vin. INPUT VOLTAGE 


lin Vin Vo i Vo 
Vin O——O |O——-O 


RT 


Input Threshold Voltage Input Threshold versus 


versus Temperature Power-Supply Voltage 
2.4 


2.2 14894 
2.0 
rat 
1.6 


ue 14 
12 89 Vin 


1.0 14890 Vj, 
0.8 1389 Wy 
0.6 
0.4 
0.2 








Vig 


























Vin. INPUT THRESHOLD VOLTAGE 
INPUT THRESHOLD VOLTAGE 



































0 
—60 0 +60 +120 
AMBIENT TEMPERATURE (°C, V+, POWER SUPPLY VOLTAGE 
LIC-323 








Am1489/1489A 


SWITCHING TIME TEST CIRCUIT & WAVEFORMS 





Rt 


Py DIODES 1N3064 
LSE IN OR EQUIVALENT 


= = LIC-324 
PULSE 
OUT 


+3V 


PULSE IN 1.5V 


ov 


PULSE OUT 1.5V 





LIC-325 


Metallization and Pad Layout 


A JIN Vcc DIN 
1 14 13 


6 7 8 
B OUT GNOC OUT 


DIE SIZE 0.047” X 0.059” 





Am1692/3692_ 


Three-State Differential Line Drivers 


DISTINCTIVE CHARACTERISTICS 


Individual three-state enables for each driver 

Dual differential driver or quad single ended line driver 
Short circuit protection for both source and sink outputs 
Individual rise time control for each output 

500 transmission line drive capability 

High capacitive load drive capability 

Low lec and leg power consumption 

Differential mode 35mW/driver 

Single-ended mode 26mW/driver 

Low current PNP inputs compatible with TTL, MOS and CMOS 
Advanced low power Schottky processing 

100% reliability assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am1692/Am3692 are low power Schottky TTL line drivers 
with three-state outputs. They feature +10V output common 
mode range in three-state and OV output unbalance when oper- 
ated with +5V power supplies. They feature 4 buffered outputs 
with high source and sink current capability with internal short 
circuit protection. 


Amode control input provides a choice of operation either as four 
independent line drivers or two differential line drivers. A rise time 
control.pin allows the use of an external capacitor to reduce rise 
time for suppression of near end crosstalk to other receivers in the 
cable. 


The Am1692/3692 is constructed using advanced low-power 
Schottky processing. 


LOGIC DIAGRAM 
(1/2 Circuit Shown) 


INPUT A (D) 


INPUT B (C) 
TRISTATE 
DISABLE 


ORDERING INFORMATION 


Order 
Number 


DS1692J 
DS1692F 
DS3692J 
DS3692N 


Package 
Type 
Hermetic DIP 
Hermetic Flat Pak 
Hermetic DIP 
Molded DIP 


Temperature 
Range 


—58°C to +125°C 
—55°C to +125°C 
0°C to +70°C 
0°C to +70°C 
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Cex, A (D) 


OUTPUT A (D) 


OUTPUT B (C) 


Cex, B(C) 


LIC-326 


CONNECTION DIAGRAM 
Top View 


16 |_] RISE TIME CONTROL A 
INPUT A [|] 2 15[_ ] OUTPUT A 
INPUT B/DISABLE [_| 3 14] OUTPUT B 
13 |__| RISE TIME CONTROL B 
12 [_] RISE TIME CONTROL C 
INPUT C/DISABLE [_} 6 11[_] outTPuT Cc 
INPUT D [_ | 7 10{ |] OUTPUT D 


9] | RISE TIME CONTROL D 


Note: Pin 1 is marked for orientation. LIC-327 








Am1692/3692 
ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Supply Voltage 

V+ 7.0V 

v -7.0V 
Power Dissipation 600mW 
Input Voltage —0.5 to +15V 
Output Voltage (Power Off) +15V 
Lead Soldering Temperature (10 seconds) 300°C 


ELECTRICAL CHARACTERISTICS over the operating temperature range 
The following conditions apply unless otherwise specified: 

Am1692 (MIL) Ta = —55°C to +125°C Voc = 5.0V +10%, Veg = GND 
Am3692 (COM'L) Ta = O°C to +70°C Voc = 5.0V +5%, Veg = GND 
Mode Voltage < 0.8V 


DC CHARACTERISTICS over the operating temperature range 


Typ. 
Parameters Description Test Conditions (Note 2) Min. (Note1) Max. Units 


iterentia’ 
i Vi Its 


A= Yoo 
A= 1000 


Output Leakage Current 


Output Short Circuit Current 


Three-State Output Current 





Supply Current 


Notes: 1. Typical limits are at Voc = 5.0V, Veg = GND, 25°C ambient and maximum loading. 
2. Ry connected between each output and its complement. 
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Am1692/3692 
ELECTRICAL CHARACTERISTICS over the operating temperature range 


The following conditions apply unless otherwise specified: 


Am1692 (MIL) Ta = —55°C to +125°C Vcc = 5.0V +10%, Veg = —5.0V +10% 
Am3692 (COM’L) Ta = 0°C to +70°C Voc = 5.0V +5%, Veg = —5.0V +5% 
Mode Voltage < 0.8V 


DC CHARACTERISTICS over the operating temperature range unless otherwise noted 


Typ. 
Parameters Description Test Conditions Min.. (Note 1) Max. Units 


vo Output Voltage 
Vv. 


y Vin = 0.4V 
[PM oe 2 Vin = 24V 
Output Voltage R, = 2002 

|Vr| — |Vz| | Output Unbalance Voc] = |Vee!, Ry = 2000 


fe) 

(e) 

T 

T Vin = 0.4V 

Vo = 18V 

= Output Leakage Power OFF Vcc = Vege = OV 
Ox 

+ 
$ 










N 








Be) 
= 
| 
8 
=~ 
w 


| 
“I 
o 


t _ 
= 
i : : 












Vin = 2.4V, Vo = —-10V _ ~150 
I Three-State Output Current 
VIN = 0.4V, Vo =< 10V 
= Output Short Circuit Current Vo = OV 
IsLEw Slew Control Current +140 





Positive Supply Current Vin = 0.4V, RL = 
lle Negative Supply Current Vin = 0.4V, Ry = © 
High Level Input Voltage 


Low Level Input Voltage 


I 
“I 





Vin = 2.4V 
Vin = 15V 
Vin = 0.4V 
lin = —12mA 


High Level Input Current +5§.25 < Veg < OV 


Low Level Input Current 
Input Clamp Voltage 


Note: Typical values are at Voc = 5.0V, Veg = —5.0V, 25°C ambient and maximum loading. 







a 





AC CHARACTERISTICS T, = 25°C 


Parameters Description Test Conditions Min. Typ. Max. Units 
Voc = 5.0V, Mode Select = 8.0V 


Pt | Differential Output Rise Time R, = 1000, C_ = 500pF, (Fig. 1) 












row | OuputronegstonDolsy | __AL= 1000. c, = soipr. Fen | 
A= 100, 6. = S09F (FD 







go Wee ial Delay Ri = 100, C, = 500pF, (Fig. 2) 
| tenz Three-State Delay | Ry, = 1002, C, = 500pF, (Fig. 2) 


Differential Output Rise Time Ri = 2002, Cy = 500pF, (Fig. 1) 
lt | Differential Output Fall Time Ry = 2009, C, = 500pF, (Fig. 1) 





Output Propagation Delay Rr, = 2000, C, = 500pF, (Fig. 1) 
| teow Output Propagation Delay R, = 200, Cy = 500pF, (Fig. 1) 
Three-State Delay Ry, = 2002, Cy, = 500pF, (Fig. 2) 
| tezy | Three-State Delay . Ry, = 2000, Cy = 500pF, (Fig. 2) 
Three-State Delay Ry, = 2002, C, = 500pF, (Fig. 2) 
Three-State Delay 





R= 200, C, = 500pF, (Fig. 2) 
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Am1692/3692 


Am1692/3692 FUNCTIONAL TABLE 


| inputs | Outputs 


Mode A(D) B(C) A(D) B(C) 










INPUT ty < 10ns ts < 10ns 









O.9Vss/AL O.8Vss/RL 


OUTPUT OUTPUT 


*"TEK CTR 


CURRENT TRANSF. 
Vee 8 | DUT OR EQUIVALENT 


BLI-008 BLI-009 


“Current probe is the easiest way to display a differential waveform. 


Figure 1. Rise and Fall Time 


3V 
Vec 


INPUT B 


INPUT A 
ov 


INPUT B 





(INPUT A HIGH) 
OUTPUT 






—| te.z = OUTPUT = —=|tpzL|-—0.3 Vgo/R, 
“TEK CTR 
CURRENT TRANSF. (INPUT A LOW) 
OR EQUIVALENT i 0.5 Vsg/R 
Vie 
Eas Ltc-329 


Figure 2. Three State Delays 


4-11 


RISE TIME — psec 





Am1692/3692 


Slew Rate (Rise or Fall Time) 
Versus External Capacitor 











A 
TT 
ESCHIECH 


PTT INT 


Sima 


CAPACITANCE — pF BLI-010 














J 
; 
ti 
l 
ty 
I 


APPLICATION 


Am1692/3692 USED AS A DRIVER 
MEETING MIL-STD-188-114 





DIFFERENTIAL 


acne LINE OUTPUT 


LIC-330 


Am25LS240°Am54LS/74LS240 


Octal Three-State Inverting Drivers 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


Three-state outputs drive bus lines directly The ‘LS240 is an octal! inverting line driver fabricated using 
Hysteresis at inputs improve noise margin advanced low-power Schottky technology. The 20-pin 
PNP inputs reduce D.C. loading on bus lines package provides improved printed circuit board density for 
Data-to-output propagation delay times — 18ns MAX. use in memory address and clock driver applications. 


Enable-to-output om 30ns MAX. Three-state outputs are provided to drive bus lines directly. 

Am25LS240 specified at 48mA output current The Am25LS240 is specified at 48mA and 24mA output sink 

20 pin hermetic and molded DIP packages current, while the Am54/74LS240 is guaranteed at 12mA over 

100% product assurance testing to MIL-STD-683 the military range and 24mA over the commercial range. 

ReRUIFe ments Four buffers are enabled from one common line and the 
other four from a second enable line. 


Improved noise rejection and high fan-out are provided by 
input hysteresis and low current PNP inputs. 


LOGIC DIAGRAM 


INPUTS 
Zz 


L 
H 


Note: All devices have input hysteresis. 


LIC-331 


CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 


1A1 1A2 1A3 1A4 2A1 2A2 2A3 2A4 
“LS240 


1¥1 1¥2 1¥3 1¥4 2¥1 2¥2 23 2Y4 


Vec = Pin 20 


Lic-332 Note: Pin 1 is marked for orientation. GND = Pin 10 


LIC-333 
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Am25LS/54LS/74LS240 


Am25LS240 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM’L Ta =O0°Cto+70°C Veco = 5.0V+5% (MIN. = 4.75V MAX. = 5.25V) 
MIL Ta = —55°C to +125°C Voc = 5.0V + 10% (MIN. = 4.50V MAX. = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 


Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Volts 


lon = —3.0mA, Vit = Vi_MAX. 
Vee = WIN, [Mil log = Tama 2O-[ 
jvircosv | Coie —tema [20 | — 
aoa 
Voi Low-Level Output Voltage Voc = MIN. Align =24mA || 8] Volts 
COW Igy = RA [oa 


. Guaranteed input logical HIGH 


Pel eee rae oe. nl eae aE ee 


lead 
en 
Vix [Input ClampVokage | Veg =MIN,N= ORAS 

Hysteresis Vy —Ve-) Voc = MIN SSCSCSCS~w | | 






















High-Level Output Voltage 











Off-State Output Current, 
High Level Voltage Applied 
\ Off-State Output Current, 
OZL Low-Level Voltage Applied 
Input Current at Maximum = _ 
| lin | High-Level Input Current, Any Input | Voc MAX., Vin = 2.7V ee ee eee 
Low-Level Input Current Voo = MAX, Vic = 04V 200 
| Isc Short Circuit Output Current (Note 3) | Voc = MAX. } -40 | | 225 | mA 
All Outputs HIGH 
Veo =Max, [| AllOuputsHGH OT 


Cunauts open | ANOupustow YY) 
Oe A 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 
2. All typical values are Vcc = 5.0V, Ta = 25°C. 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 






















Supply Current 





MAXIMUM RATINGS above which the useful life may be impaired 








Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential -~0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vc¢ max. 
DC Input Voltage ~0.5V to +7.0V 
DC Output Current 150mA. 
DC Input Current ~30mA to +5.0mA 
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Am25LS/54LS/74LS240 


Am54LS/74LS240 
ELECTRICAL CHARACTERISTICS 


The Following Conditions Apply Unless Otherwise Specified: 
COM’L Ta = 0°C to +70°C Vcc = 5.0V + 5% (MIN. = 4.75V MAX. = 5.25V) 
MIL Ta = —55°C to +125°C Voc = 5.0V + 10% (MIN. = 4.50V MAX. = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 


Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Voc = MIN., Vin = 2.0V 
low = ~3.0mA, ViL = Vip_MAX. 


Voc = MIN., MIL, lon = —12mA 
Vit = 0.5V COM'L, Ioy= —15mA 


All, lo, = 12mA 
V lew Levall Outout Vek Vee = MIN, [Allon =12ma | 


High-Level Input Voltage Guaranteed input logical HIGH 
voltage for all inputs 


comt [ COC~—SSOC*‘*S 
Vv Low-Level | t Volt | COM'L | 
ee ae ele fey ee = el 


Input Clamp Voltage Vec = MIN., || = —18mA 


| «| Hysteresis (Vz 4 — Vr_) Voc = MIN. 
Off-State Output Current, = 
ton | High Level Voltage Applied Nome 
Off-State Output Current, — 
Low-Level Voltage Applied Vo. 0:4 
Input Current at Maximum es y 
fn Input Voltage Voc = MAX., Vi = 7.0V 
| otn | High-Level Input Current, Any Input Voc MAX., Viy = 2.7V 
Low-Level Input Current Voc = MAX., Vi, = 0.4V 
Short Cireuit Output Current (Note 3) 
All Outputs HIGH 
Vec = MAX. 


All Outputs LOW 
Outputs open 


Outputs at Hi-Z 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 
2. All typical values are Vcc = 5.0V, Ty = 25°C. 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 



















High-Level Output Voltage olts 


olts 


olts 


Oo 
~ 


olts 
olts 





<|<} < < < < 
<3 =: 















Supply Current 





Metallization and Pad Layout 


o ONO Oh WD 





DIE SIZE 0.060" X 0.103” 





Am25LS/54LS/74LS240 


SWITCHING CHARACTERISTICS 
(Ty = +25°C, Veco = 5.0V) 







Am25LS240 Am54LS/74LS240 
Test Conditions 


Parameters Description (Notes 1—5) 






Propagation Delay Time, 
Low-to-High-Level Output 







Propagation Delay Time, 
High-to-Low-Level Output 


Output Enable Time to Low Level |_| 
a 
=e 
id 
















Output Enable Time to High Level 
Output Disable Time from Low Level 
Output Disable Time from High Level 





tpLz 
tpHz 





Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 









Ta = 0°C to +70°C Ta = —55°C to +125°C 
Voc = 5.0V +5% Vcc = 5.0V +10% 
Parameters Description 


t Propagation Delay Time, 
PLH Low-to-High-Level Output 
t Propagation Delay Time, 
PHL High-to-Low-Level Output 


Wer | Output Enable Time to tow Level | —_—*i| —o_—* 
— 
| 
7 











| tpzy | Output Enable Time to High Level 
Output Disable Time from Low Level 
| tpHz | Output Disable Time from High Level 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 





LOAD CIRCUIT FOR VOLTAGE WAVEFORMS 
THREE-STATE OUTPUTS ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 


OUTPUT 


Vec CONTROL 
(LOW-LEVEL 1.3V 
ENABLING) 
BL 


aes | 


WAVEFORM 1 ; 
1CLOSED 


: d 
S2 OPEN Ty n 

Vor 
FROM OUTPUT 0.5V 


t i! 
UNDER TEST 2H _ | fosv 
OH 
IN916 S1 OPEN 13V S185. =1.5V 
OR S2 CLOSED 
1N3064 WAVEFORM 2 ——_— =ov CLOSED 


CL 
{ 


LIC-334 LIC-335 


. Waveform 1 is for an output with internal conditions such that the output is !ow except when disabled by the output control. 

. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

. Inthe examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. PRR < 1.0MHz, Zgy7 * 5002 
and tr < 2.5ns, t¢ < 2.5ns. 
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Am25LS241 eAm54LS/74LS241 
Am25LS244-Am54LS/74LS244 


Thean_Ctata Bisffave 


Octal! EneE 


DISTINCTIVE CHARACTERISTICS 


Three-state outputs drive bus lines directly 

Hysteresis at inputs improve noise margin 

PNP inputs reduce D.C. loading on bus lines 
Data-to-output propagation delay times — 18ns MAX. 
Enable-to-output — 30ns MAX. 

Am25LS241 and 244 specified at 48mA output current 
20 pin hermetic and molded DIP packages 

100% product assurance testing to MIL-STD-883 
requirements 


Se WtuUts WULIIGIDS 


FUNCTIONAL DESCRIPTION 


The ‘LS241 and 'LS244 are octal buffers fabricated using 
advanced low-power Schottky technology. The 20-pin pack- 
age provides improved printed circuit board density for use 
in memory address and clock driver applications. 


Three-state outputs are provided to drive bus lines directly. 
The Am25LS241 and Am25LS244 are specified at 48mA and 
24mA output sink current, while the Am54LS/74LS241 and 
Am54LS/74LS244 are guaranteed at 12mA over the military 
range and 24mA over the commercial range. Four buffers are 
enabled from one common line and the other four from a 
second enable line. 


The ‘LS241 has enable inputs of opposite polarity to allow 


-use as a transceiver without overlap. The ‘LS244 enables are 


of similar polarity for use as a unidirectional buffer in which 
both halves are enabled simultaneously. 


Improved noise rejection and high fan-out are provided by 
input hysteresis and low current PNP inputs. 


LOGIC DIAGRAMS 


"LS241 


"LS241 


INPUTS OUTPUTS 


fig{2cja| vy | 


2 
H 
L 


2G 


"LS244 


"LS244 


2G 


LIC-336 Note: All devices have input hysteresis. LIC-337 


CONNECTION DIAGRAMS 
Top Views 


LIC-338 


Note: Pin 1 is marked for orientation. LIC-339 


LOGIC SYMBOLS 


LIC-340 


Vcc = Pin 20 


LIC-341 GND = Pin 10 





Am25LS/54LS/74LS241/244 


Am25LS241«Am25LS244 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM’L Ta = 0°C to +70°C Voc = 5.0V + 5% (MIN. = 4.75V MAX. = 5.25V) 
MIL Ta = —58°C to +125°C Voc = 5.0V + 10% (MIN. = 4.50V MAX. = 5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE 


Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Voc = MIN., Vip = 2.0V 
lon = -3.0mA, Vit = Vip MAX. 


Vec = MIN., MIL, loy = —12MA 
Vit = 0.5V COM'L, lou = —15mA 


All lop = 12mA 
Vcc = MIN. All lop = 24mA 
COM'L, Io, = 48mA 


; Guaranteed input logical HIGH 
Vin High-Level Input Voltage voltage for all inputs 


com [J 
J ace ¥ | COM'L | 

ee MS, ie Seg eee 
Input Clamp Voltage Voc = MIN., || = —18mA 


pf Rrseresis Wry) Voc WIN CS 
lean” | Gee eerste Aceh: 
ores 
tig __[Hiah-Lever input Current, Any inpat_| Vog= WAK.Vig S270 


hit Low-Level Input Current Vec = MAX., Viz = 0.4V 


Shor Cieuit Output Curent (ate 8) 
All Outputs HIGH 
Vcc = MAX. 


All Outputs LOW 
Outputs open 


Outputs at Hi-Z 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 
2. All typical values are Vcc = 5.0V, Ta = 28°C. 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 












High-Level Output Voltage 


Low-Level Output Voltage 






























Nn 
~ 





Supply Current 









MAXIMUM RATINGS above which the useful life may be impaired 











Storage Temperature ~65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential -0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vcc max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current 150mA 
DC Input Current -30mA to +5.0mA 
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Am25LS/54LS/74LS241 /244 


Am54LS/74LS241 *Am54LS/74LS244 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM’L Ta=O0°Cto+70C Veg =5.0V+5% (MIN. = 4.75V MAX. = 5.25V) 
MIL Ta = —55°C to +125°C Veg = 5.0V + 10% (MIN. = 4.50V MAX. = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 


p. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec = MIN., Vip = 2.0V 
low = -—3.0mA, ViL = ViL_MAX. 


High-Level! Output Vol 
q Peers Voc = MIN. | MilsIoq = —12mA 
Vi_ = 0.5V COM'L, Ioy= —15mA 
All, lot = 12mA 
v Low-Level Output Volt Voc = MIN. 
oL ene! Ouspucwoltage ce COM'L, Io, = 24mA 
Guaranteed input logical HIGH 


Vin High-Level input Voltage voltage for all inputs 





COMET el 
Vv Low-Level Input Volta | COM'L | 
Hysteresis (V74 — V7_) Vcc = MIN. 
Off-State Output Current, Vo = 2.7V 
Off-State Output Current, a 
Low-Level Voltage Applied Vor Oey 
Veo = Max, | All Outputs HIGH eis eae 
All Outputs LOW [| 27 [46] ma 
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 
2. All typical values are Voc = 5.0V, Ta = 25°C. 


Input Clamp Voltage Vec = MIN., |; = —18mA 
High Level Voltage Applied 
Input Current at Maximum 7 _ 
Input Voltage Vec = MAX., V; = 7.0V 
Outputs open 
puts open [outputs at Hiz a a 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


Metallization and Pad Layouts 


"LS241 "LS244 


oo OnN OD He WH 
oon nork WH = 








DIE SIZE 0.060” X 0.103” DIE SIZE 0.060"! X 0.103” 





Am25LS/54LS/74LS241/244 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Voc = 5.0V) 







Am25LS241 Am54LS/74LS241 
Am25LS244 Am54LS/74LS244 








Test Conditions 


Parameters Description (Notes 1-5} 


t Propagation Delay Time, 
PLH Low-to-High-Level Output 

t Propagation Delay Time, 
PHL High-to-Low-Level Output 


[teat | Output Enable Time io Low Level | _ 
aad 
a 
cal 





| tezy | Output Enable Time to High Level 
Output Disable Time from Low Level 
| tpyz Output Disable Time from High Level 






Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

















Ta = 0°C to +70°C 
Voc = 5.0V +5% 


Ta = —55°C to +125°C 
Vec = 5.0V +10% 
Parameters Description 


t Propagation Delay Time, 
PLH Low-to-High-Level Output 
A Propagation Delay Time, 
EEE High-to-Low-Level Output 


tex: | Output Enabie Time totowtei [| a | —_~+d 
od panne 
i= =r 
— i 












| tezH | Output Enable Time to High Level 
Output Disable Time from Low Level 
Output Disable Time from High Level 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


CL = 5.0pF 





LOAD CIRCUIT FOR VOLTAGE WAVEFORMS 
THREE-STATE OUTPUTS ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 


TEST v OUTPUT 3V 
POINT ce CONTROL 


; (LOW-LEVEL 1.3V 1.3V 
ENABLING) a 
R A a 
L + ty 
WAVEFORM 1 ane ; =4.5V $1 & Sy 
= $2 OPEN 1.3V CLOSED =1.5V 
VoL 
FROM OUTPUT 
UNDER TEST a ie 
o5v yy 
OH 
¢ IN916 S1 OPEN 1.3V Sy &Sq ans B1ey 
: ere $2 CLOSED 
Ins0e* WAVEFORM 2 fo ey CLOSED 


LIC-342 LIC-343 


. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
. In the examples above, the phase relationships between inputs and outpyts have been chosen arbitrarily. 
. Pulse generator characteristics: PRR <= 1.0MHz, Zoyt ~ 502, ty < 15ns, te = 6ns. 

. When measuring tp_y and tpy_, switches S; and So are closed. 
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Am25LS242 eAm54LS/74LS242 
Am25LS243 eAm54LS/74LS243 


Guad Bus Transceivers with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


Three-state outputs drive bus fines directly The ‘LS242 and 'LS243 are quad bus transceivers designed 
Hysteresis at inputs improve noise margin for asynchronous two-way communications between data 
PNP inputs reduce D.C. loading on bus lines buses. 


eet gee ae rag alge, 1ne METS The ‘LS242 and ‘LS243 have the two 4-line data paths con- 
cd Repth a nie ca ; ae nected input-to-output on both sides to form an asynchron- 
lg and Am25LS243 are specified at 48mA output ous transceiver/buffer with complementing enable inputs. 
curren ; bar . 5 j 
The 'LS242 is inverting, while the ‘LS243 presents non- 
@ 100% product assurance testing to MIL-STD-883 inverting data at the Bue 2 
requirements 


Three-state outputs are provided to drive bus lines directly. 
The Am25LS242 and Am25LS243 are specified at 48mA and 
24mA output sink current, while the Am54/74LS242 and 243 
are guaranteed at 12mA over the military range and 24mA 
over the commercial range. 


Improved noise rejection and high fan-out are provided by 
input hysteresis and low current PNP inputs. 


LOGIC DIAGRAMS 
Am54LS/74LS242 Am54LS/74LS243 


ote: All devi ve input h resis. 
Need Note: All devices have input hysteresis Lic-345 


CONNECTION DIAGRAMS LOGIC SYMBOLS 
Top Views 


Vcc = Pin 14 
LIC-346 LIC-348 cc LIC-349 


Note: Pin 1 is marked for orientation GND = Pin7 
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Am25LS/54LS/74LS242/243 


Am25LS242 eAm25LS243 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply unless Otherwise Specified: 

COM’L Ta = 0°C to +70°C Voc = 5.0V + 5% (MIN. = 4.75V MAX. = 5.25V) 
MIL Ta = —55°C to +128°C Vec = 5.0V + 10% (MIN. = 4.50V MAX. = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 


Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) 


Voc = MIN., Viq = 2.0V 
lou = —3.0mA, Vit = VipMAX. 


Voc = MIN., MIL, lon = —12MA ° 
Vit = 0.5V COM‘, Ion= —15mA 
All lop = 12mMA 
Low-Level Output Voltage Vcc = MIN. All lo, = 24mA 


High-Level Output Voltage 








COM'L, Io, = 48mA 


Guaranteed input logical HIGH 


Vin High-Level Input Voltage voltage for all inputs 


COM'L 
Vit Low-Level input Voltage MIL 


Vix Input Clamp Voltage Voc = MIN., t) = —-18mA 


Hysteresis (V7+ — Vy_) Voc = MIN. 0.2 
Off-State Output Current, = 

High Level Voltage Applied Vora 

Off-State Output Current, * 

Low-Level Voltage Applied Vos aty 

Input Current at Maximum Voc = MAX. V, = 7.0V, GAB or GBA 
Input Voltage V,; = 5.5V, Aor B 
High-Level Input Current, Any Input Voc = MAX., Vip = 2.7V 

Low-Level Input Current Voc = MAX.,, Vit = 0.4V 


Shor Ciruit Output Currant Noted 


All Outputs ‘LS242, 'LS243 
HIGH 
Yoo= Mie All Output 
Supply Current Outputs open LOW one "LS242, 'LS243 
(Note 4) 


Outputs at 'LS242 
Hi-Z 'LS243 = 











Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 


2. All typical values are Voc = 5.0V, Ty = 25°C. 


3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


4. For ‘LS242 and ‘LS243 I¢c is measured with transceivers enabled in one direction only, or with all transceivers disabled. 


MAXIMUM RATINGS above which the useful life may be impaired 


Storage Temperature 


° 
a 


NR 
Le) 


WwW 
te) 





Max. Units 


< 


= 
N 
< 


j 
ic ie} a 
wn 


3 
> 


rI3 + 


pA 


38 


on 





-65°C to +150°C 




















Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential ~—0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vc¢ max. 
DC Input Voltage -0.5V to +7.0V 
DC Output Current 150mA 





DC Input Current 
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-30mA to +5.0mA 





Am25LS/54LS/74LS242/243 


Am54LS/74LS242 eAm54LS/74LS243 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply unless Otherwise Specified: 

COM’'L Ta =O0°Cto+70°C Voc =5.0V+5% (MIN. = 4.75V MAX. = 5.25V) 
MIL Ta = —55°C to +125°C Ver = 5.0V + 10% (MIN. = 4.50V ‘MAX. = 5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE 


Typ. 
Parameters Description Test Conditions (Note 1) Min. inte 2) Max. Units 


lon = —3.0mA, Vip = Vi~MAX. 
High-Level Output Voltage 2 ie IL Volts 


Veo = MIN, [MIL Io = —TamA | 20 fT 
All, lo, = 12mA [0.25 | 04 | 
Low-Level! Output Voltage Vec = MIN. Avior = mA Volts 
es: = COM’ lor =24ma [| oss | 08 | 


Guaranteed input logical HIGH 


aa 


Input Clamp Voltage Voc = MIN., |} = —18mA 


Hysteresis (V74 — V7_) Vcc = MIN. 


Off-State Output Current, = a 

High Level Voltage Applied a : Vora’ 

Off-State Output Current, meee _ 

Low-Level Voltage Applied vo7 0Ay 

Input Current at Maximum Vee = MAX V,| = 7.0V, GAB or GBA 
cc = . 

Input Voltage V,; = 5.5V,AorB 

High-Level Input Current, Any Input Voc MAX., Vip = 2.7V 


it Low-Level Input Current Voc = MAX., Vip = 0.4V 


read Short Circuit Output Current (Note 3)| Voc = MAX. 


All Outputs 'LS242, 'LS243 
HIGH 
bo apa All Output 
Supply Current Outputs open Gar pure 'LS242, 'LS243 
te 4 
[Note Outputs at 'LS242 
Hi-Z "LS243 


Notes: 1. For conditions shown as MIN’ or MAX., use the appropriate value specified under recommended operating conditions. 
2. All typical values are Vcc = 5.0V, Ta = 25°C. 











3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
4. For 'LS242 and ‘LS243 Icc¢ is measured with transceivers enabled in one direction only, or with all transceivers disabled. 


Metallization and Pad Layouts 


rif 
on 


ie 








DIE SIZE 0.060” x 0.103” DIE SIZE 0.060” x 0.103” 
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Am25LS/54LS/74LS242/243 


Am54LS/74LS242 


Am25LS242 *Am54LS/74LS242 
SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vec = 5.0V) 

Parameters Description 






Am25LS242 






Test Conditions 
(Notes 1-5) 















Propagation Delay Time, 
Low-to-High-Level Output 















Propagation Delay Time, 
High-to-Low-Level Output 


eet 
[Output Enable Time to High Level |_| 
eo a ee 





Am25LS242 ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATION RANGE* 











Ta = 0°C to +70°C 
Voc = 5.0V +5% 


Ta = —55°C to +125°C 
Voc = 5.0V +10% 
Parameters Description 


t Propagation Delay Time, 
PLH Low-to-High-Level Output 

t Propagation Delay Time, 
PHL High-to-Low-Level Output 


[tex | Output Enatie Time to Low evel [| 
tren [Output Enabie Time to High Level [| 29 | 
[Output bisable Time from Low Level |__| 












Am25LS243 «Am54LS/74LS243 
SWITCHING CHARACTERISTICS 


(Ty = +25°C, Veo = 5.0V) Am25LS243 AmS54LS/74LS243 


Parameters Description Min. Typ. Max. | Min. Typ. Max. 
t Propagation Delay Time, 
PLH Low-to-High-Level Output 
t Propagation Delay Time, 
PHL High-to-Low-Level Output 


Output Enable Time to Low Level 20 





Test Conditions 






(Notes 1—5) 




















Am25LS243 ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATION RANGE* 
















Ta = 0°C to +70°C 
Voc = 5.0V +5% 


Ta = —55°C to +125°C 
Voc = 5.0V +10% 
Parameters Description 


t Propagation Delay Time, 
PLA Low-to-High-Level Output 

t Propagation Delay Time, 
PHL High-to-Low-Level Output 


Output Enable Time to Low Level en 










| tezH Output Enable Time to High Level 
Output Disable Time from Low Level 
Output Disable Time from High Level 







Am25LS/54LS/74LS242/243 


SWITCHING CHARACTERISTICS TEST CONDITIONS 


LOAD CIRCUIT FOR VOLTAGE WAVEFORMS 
THREE-STATE OUTPUTS ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 


TEST i OUTPUT 3V 
POINT cc CONTROL 


(LOW-LEVEL 1.3V 


ENABLING) hn. (OY 
R | 
L t t 
2u—~| Lz 


WAVEFORM 1 =4.5V $1 & Sg 


‘ 
SICLOSE = 
$1 S2 aera 1.3V CLOSED t =1,5V 
Vou 
FROM OUTPUT 0.5V 


'2H tz 


UNDER TEST | {_05v 
Vou 
INDIE $1 OPEN 1.3V $1 &S) =1.5V 
CL OR $2 CLOSED 2 
1N3064 WAVEFORM 2 =0V CLOSED 
¢ 


LIC-350 LIC-351 


. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 

. Pulse generator characteristics: PRR < 1MHz, ZoyuT ~ 502, t, < 15ns, t¢ < 6ns. 

. When measuring tp__ and tpy, switches Sq and So are closed. 


FUNCTION TABLES 


Am54LS/74LS242 Am5d4LS/74LS243 


CONTROL CONTROL DATA 
INPUTS INPUTS OUTPUTS 
z [secon [eT 


O 1 
* * 
ISOLATED 
I oO 
O = Output 


O = Inverting Output 


*Possible destructive oscillation may occur if the transceivers are enable in both directions at once. 
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Am26LS29 


Quad Three-State Single Ended RS-423 Line Driver 


DISTINCTIVE CHARACTERISTICS 


@ Four single ended line drivers in one package for maximum 
package density 

Output short-circuit protection 

Individual rise time contro! for each output 

500 transmission line drive capability 

High capacitive load drive capability 

Low Icc and leg power consumption (26mW/driver typ.) 
Meets all requirements of RS-423 

Three-state outputs for bus oriented systems 

Outputs do not clamp line with power off or in hi-impedance 
State over entire transmission line voltage range of RS-423 
Low current PNP inputs compatible with TTL, MOS and CMOS 
Available in military and commercial temperature range 
Advanced low power Schottky processing 

100% reliability assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am26LS29 is a quad single ended line driver, designed for 
digital data transmission. The Am26LS29 meets all the require- 
ments of EIA Standard RS-423 and Federal STD 1030. It features 
four buffered outputs with high source and sink current, and 
output short circuit protection. 


A slew rate control pin allows the use of an external capacitor to 
control slew rate for suppression of near end cross talk to receiv- 
ers in the cable. 


The Am26LS29 has three-state outputs for bus oriented systems. 
The outputs in the hi-impedance state will not clamp the line over 
the transmission line voltage of RS-423. A typical full duplex 
system would use the Am26LS29 line driver and up to twelve 
Am26LS32 line receivers or an AmM26LS32 line receiver and up to 
thirty-two Am26LS29 line drivers with only one enabled at a time 
and all others in the three-state mode. 


The Am26LS29 is constructed using advanced low-power 
Schottky processing. 


LOGIC DIAGRAM 


INPUT A 


INPUT B 


INPUT C 


INPUT D 


Vec 
GROUND 
VEE 


ORDERING INFORMATION 


Order 
Number 


AM26LS29DM 
AM26LS29FM 
AM26LS29XM 
AM26LS29DC 
AM26LS29PC 
AM26LS29XC 


Package 
Type 


Temperature 
Range 


Hermetic DIP —55°C to +125°C 

Hermetic Flat Pak —55°C to +125°C 

Dice —55°C to +125°C 
Hermetic DIP 0°C to +70°C 
Molded DIP 0°C to +70°C 
Dice 0°C to +70°C 


SR CONTROL A 
OUTPUT A 
SR CONTROL B 
OUTPUT B 
SR CONTROL C 
OUTPUT C 
SR CONTROL D 


OUTPUT D 


ENABLE 


CONNECTION DIAGRAM 
Top View 


SLEW RATE 
161 | CONTROL A 


InpuTA[ | 2 15[_| ouTPUT A 


input Bf | 3 14|_] OUTPUT B 


SLEW RATE 


13[_] controt B 
Am26LS29 g 
12 [7] SLEW RATE 


CONTROL C 
11| | OUTPUT C 


ENABLE [ | 4 


INPUTC [ | 6 


inpuTD [ }7 10] | OUTPUT D 


SLEW RATE 
21] contro. p 


Note: Pin 1 is marked for orientation. 


BLI-004 
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BLI-001 





Am26LS29 
ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 





Storage Temperature -—65°C to +150°C 
Supply Voltage 

V+ 7.0V 

vV- -7.0V 
Power Dissipation 600mW 
Input Voltage —0.5 to +15.0V 
Output Voltage (Power Off) t15V 
Lead Soldering Temperature (10 seconds) 300°C 





ELECTRICAL CHARACTERISTICS over the operating temperature range 
The following conditions apply unless otherwise specified: 


Am26LS29 XM (MIL) Ta=-55°C to +125°C 9=Voc = 5.0V +10, —5%, VEE = —5.0V -10, +5% 
Am26LS29XC (COM'L) Ta =0°C to +70°C Voc =5.0V +5%, Veg = —5.0V +5% 


DC CHARACTERISTICS over the operating temperature range (Notes 1 and 2) 


Parameters Description Test Conditions Min. (Note 1) Max. Units 


Output Voltage Ri = 4502 


Tl 


Output Leakage Power Off Vcc = VEE = OV 
Output Short Circuit Current Vo = 0V 


Em Slew Control! Current VsLew = VEE + 0.9V 


Positive Supply Current HINE 0.4V, RL = 00 


Off State (High Impedance) 
Output Current 


High Level Input Current 
VIN < 15V 


" Low Level Input Current Vin = 0.4V 
Input Clamp Voltage lin = —12mA 





AC CHARACTERISTICS 
Voc = 5.0V, Veg = —5.0V, Ta = 25°C 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


: Co = 50pF 
i 2 eG ce tes, |e ee ae 
ise Time L L pF, Fig Co = OpF 


fe eal 
| Ry. = 4500, C, = 500pF, Fig. 1 Pesee ts 
Ri = 4500, C, = 500pF, Fig. 1 eae ee 
ae 
LtzH | an 












Fall Time 





Ry = 4500, C, = 500pF, Cc = OpF, Fig. 2 






Output Enable to Output 






R= 4500, C_ = 500pF, Co = OpF, Fig. 2 





Notes: 1. Typical limits are at Voc = 5.0V, Veg = -5.0V, 25°C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-423 where applicable. 
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Am26LS29 


SWITCHING TIME WAVEFORMS AND AC TEST CIRCUITS 


OUTPUT 
ty < 10ns : te < 10ns 


OUTPUT 


BLI-006 BLI-007 


INPUT B 
OUTPUT 


(INPUT A HIGH) 5 | 
— te.z OUTPUT = —=|tpzi|—0.3 Vgg/R, tL | 

(INPUT A LOW) : 
VEE —{ Am26LS29 | 


LIG-329 Figure 2. Three State Delays. BLI-007 


Am26LS29 EQUIVALENT CIRCUIT 


TO OTHER 
THREE DRIVERS 





15 A OUT 
{14) B OUT 
(11) C OUT 
(10) B OUT 


2 AINPUT 16 ASLEW 
© (3) B INPUT © (13) B SLEW 
(6) C INPUT {12) C SLEW 
(7) D INPUT (9) D SLEW 


BLI-011 
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Am26LS29 


ENABLE 


TYPICAL APPLICATION 


1/4 
Am26LS23 


DATA 
OUTPUT 


COMMON GROUND 
RETURN 
ENABLE 
4 
Am26LS29 


DATA 
OUTPUT 


BLI-012 


Slew Rate (Rise or Fall Time) 
Versus External Capacitor 


Co et 
LIT | TUT | 


! 
y 
il 
H 
i 











RISE TIME — usec 





CAPACITANCE — pF BLI-010 


Metallization and Pad Layout 


SLEW RATE 
INPUTA Vcc CONTROL A 


15 


3 OUTPUT A 


INPUT B / Z : 14 
OUTPUT B 


13 
lh SA SLEW RATE 
5 : 3] CONTROL B 
GND | fF iS ao 


4 
ENABLE 


SY 


rag) feel 
essere 


12 
6 aA (Seb SLEW RATE 
INPUT C i a ea CONTROL C 
spt 1 
OUTPUT C 


10 
. OUTPUT D 
INPUT D SLEW RATE 
fe CONTROL D 


DIE SIZE 0.070” X 0.094” 
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Am26LS30 


Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 


DISTINCTIVE CHARACTERISTICS 


Dual RS-422 line driver or quad RS-423 line driver 
Driver outputs do not clamp line with power off or in 
hi-impedance state 
Individually three-state drivers when used in differential mode 
Low lec and leg power consumption 

RS-422 differential mode 35mW/driver typ. 

RS-423 single-ended mode 26mW/driver typ. 
Individual slew rate control for each output 
500 transmission line drive capability (RS-422 into virtual 
ground) 
Low current PNP inputs compatible with TTL, MOS and CMOS 
High capacitive load drive capability 
Exact replacement for DS16/3691 
Advanced low power Schottky processing 
100% reliability assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am26LS30 is a line driver designed for digital data transmis- 
sion. A mode control input provides a choice of operation either as 
two differential line drivers which meet all of the requirements of 
EIA Standard RS-422 or four independent single-ended RS-423 
line drivers. 


In the differential mode the outputs have individual three-state 
controls. In the hi-impedance state these outputs will not clamp 
the line over a common mode transmission line voltage of +10V. 
A typical full duplex system would be the Am26LS30 differentia! 
line driver and up to twelve Am26LS32 line receivers or an 
Am26LS32 line receiver and up to thirty-two Am26LS30 differen- 
tial drivers. 


A slew rate control pin allows the use of an external capacitor to 
control slew rate for suppression of near end cross talk to receiv- 
ers in the cable. 


The Am26LS30 is constructed using Advanced Low Power 
Schottky processing. 


LOGIC DIAGRAMS 


Logic for Am26LS30 with 
Mode Control HIGH (RS-423) 


SR CONTROL A 
INPUT A OUTPUT A 

SR CONTROL B 
INPUT B OUTPUT B 

SR CONTROL C 
INPUT C OUTPUT C 

SR CONTROL D 


INPUT D OUTPUT D 


Vec 
GROUND 
MODE 
VEE ——— contro. _BLI-002 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 


Hermetic DIP —55°C to +125°C AM26LS30DM 
Hermetic Flat Pak —55°C to +125°C AM26LS30FM 
Dice —55°C to +125°C AM26LS30XM 
Hermetic DIP 0°C to +70°C AM26LS30DC 
Molded DIP 0°C to +70°C AM26LS30PC 
Dice 0°C to +70°C AM26LS30XC 


Logic for Am26LS30 with 
Mode Control LOW (RS-422) 


ENABLE B a 


INPUT A 


SR CONTROL A 

OUTPUT A 
O————__ OUTPUT B 

SR CONTROL B 

SR CONTROL C 


OUTPUT C 
INPUT D 
OUTPUT D 


SR CONTROL D 
ENABLE C 
Vec 


GROUND 
Vee MODE 
; CONTROL 


BLI-003 


CONNECTION DIAGRAM — Top View 


SLEW RATE 
CONTROL A 


INPUT A [ ] 2 . 15 f ] output A 


INPUT/ENABLE B[ | 3 14 [|] ouTPUT 8 


SLEW RATE 
| CONTROL B 


13 
Am26LS30 
zl SLEW RATE 


CONTROL C 


INPUT/ENABLE C [_| 6 11 [_] output c 





Note: input D[ | 7 10 [ ] ouTPuT D 
SLEW RATE 


Pin 1 is marked 
f : tation CONTROL D 
or orien E BLI-005 
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Am26LS30 


ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65 C to +150°C 























Supply Voltage 
V+ 7.0V 
VvV— —7.0V 
Power Dissipation 600mW 
Input Voltage —0.5 to +15.0V 
Output Voltage (Power Off) +15V 
Lead Soldering Temperature (10 seconds) 300°C 


ELECTRICAL CHARACTERISTICS over the operating temperature range 
The Following Conditions Apply Unless Otherwise Specified: 


Am26LS30XM (MIL) TA=—55°C tot+128°C = Vcc = 5.0V +10%, Veg = GND 
Am26LS30XC {(COM'L) Ta =0°C to +70°C Vcc =5.0V +5%, Veg = GND 
EIA RS-422 Connection, Mode Voltage = 0.8V 


DC CHARACTERISTICS over the operating temperature range 


Typ. 
Parameters Description Test Conditions (Note 3) Min. (Note 1) Max. Units 


Vv 

Differential Output Voltage, VA, B 
Vv ' 
ve Differential Output Voltage, VA, B 
Vv 
! 
! 


fe) 
oO 
T 
T 
s 
oO 
Cc 


Vos. Vos Common Mode Offset Voltage R 
ivr - IVT Difference in Differential Output Voltage 
IVosl—- \Vos| Difference in Common Mode Offset Voltage 


lVr-Vr 
VcmMR Output Voltage Common Mode Range VENABLE = 2.4V +10 
I 
Output Leakage Current 
x Off State (High Impedance) 
Output Current 
Cc 


Output Short Circuit Current 


SO 
a 
OS 

lH High Level Input Current 
| 


AC CHARACTERISTICS 
EIA RS-422 Connection, Veg = 5.0V, Veg = GND, Mode = 0.4V, Ty = 25°C 





Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


re | Bier Opt Fal Tine [Fe 2A, = 1000, C= s00pF 
[won | Oupu Prepsceion Doky | Fe. 2.R, = 1000.0, = 5009 


t 
Ri = 4500, C, = 500pF, Cc = OpF, Fig. 3 
Output Enable to Output 

RL = 4502, C, = 500pF, Cg = OpF, Fig. 3 
ZH 

Notes: 1. Typical limits are at Voc = 5.0V, Veg = GND, 25°C ambient and maximum loading. 


2. Symbols and definitions correspond to EIA RS-422 where applicable. 
3. Ry connected between each output and its complement. 
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Am26LS30 
ELECTRICAL CHARACTERISTICS over the operating temperature range 


The following conditions apply unless otherwise specified: 


Am26LS30XM (MIL) Ta = 55°C to +125°C Vcc =5.0V +10%, Veg = —5.0V +10% 
Am26LS30XC (COM’L) Ta =0°C to +70°C Vec =5.0V +5%, Veg = —5.0V +5% 
RS-423 Connection, Mode Voltage > 2.0V 


DC CHARACTERISTICS over the operating temperature range (Notes 1 and 2) 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


Vo RL =, VIN = 2.4V 
—— Output Voltage 
Weel= Wee|=4.75V [Vin = 04V 


Ri. = 4502, Vin = 2.4V 













VT 
Oo 
WT utput Voltage IVcc| = \Veel =4.75V VIN = 0.4V 





lvr|-[Vy]] Output Unbalance IVecl=|Veel, RL = 4502 


+ Vo = 6.0V 
Output Leakage Power Off Vcc = VEE =0V 2 
Vo = ~6.0V 
+ Vv =24V 
Output Short Circuit Current Vo = OV in 
Vin = 0.4V 
cc 
1H 
! 







Tec | “Posie Supply Curent | “Vy = OV, Ap== 
Tee |_Neowtve Suppl Covent [Viv 0aV.ROT= 
a 
Mi Row evel input Vote [ 


Vin = 2.4V 
| High Level Input Current 
Vin < 15V 


Low Level Input Current VIN = 0.4V 
Input Clamp Voltage lin = —12mMA 






AC CHARACTERISTICS 
RS-423 Connection, Vcc = 5.0V, Veg = —5.0V, Mode = 2.4V, Ta = 25°C 
Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


fe Rise Time Fig. 1, Ry = 4500, Cy = S00pF 
Fail Time Fig. 1, Ry, = 4500, C, = 500pF 


tr 
Slew Rate Coefficient Fig. 1, Ry = 4500, C, = 500pF 
ltepy Output Propagation Delay | Fig. 1, Rp = 4500, C, = S00pF, Ce = 0 
Output Propagation Delay | Fig. 1, Ry = 4500, C, = S00pF, Co = 0 


Notes: 1. Typical limits are at Voc = 5.0V, Veg = —5.0V, 25°C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-423 where applicable. 
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Am26LS30 


SWITCHING TIME WAVEFORMS AND AC TEST CIRCUITS 
FOR EIA RS-423 CONNECTION 


e OUTPUT 
te < 10ns 


OUTPUT 


BLI-006 BLI-007 


Figure 1. Rise Time Control for RS-423. 


SWITCHING TIME WAVEFORMS AND AC TEST CIRCUIT 
FOR RS-422 CONNECTION 


ty < 10ns t, <10ns 


0.9V; 
SS/RL OUTPUT 


OUTPUT 

*TEK CTR 
CURRENT TRANSF. 
OR EQUIVALENT 


0.1Vgs/RL 


BLI-008 BLI-009 


*Current probe is the easiest way to display a differential waveform. 


Figure 2. 


INPUT B 


(INPUT A HIGH) OUTPUT 


— terz OUTPUT 
*TEK CTR 
(INPUT A LOW) CURRENT TRANSF. 
OR EQUIVALENT 


LIC-329 LIC-328 


Figure 3. Three-State Delays. 
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Am26LS30 


Am26LS30 FUNCTION TABLE Slew Rate (Rise or Fall Time) 
Versus External Capacitor 


A(D) BIC) A(D) —_B(C) 






































RISE TIME — psec 






































CAPACITANCE — pF BLI-010 





Am26LS30 EQUIVALENT CIRCUIT 


{6) C INPUT 
3 BINPUT 


2 AINPUT 16 A SLEW 

© (7) D INPUT O (13} B SLEW 
(12) C SLEW 

{9) D SLEW 


BLI-020 
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Am26LS30 


TYPICAL APPLICATION 


: ae ie 
0 
eee ot: 
) 


TWISTED PAIR 
THREE-STATE THREE-STATE THREE-STATE 


ENABLE ENABLE ENABLE 
ENABLE ENABLE ; ENABLE 


Am26LS30/32 Am26LS30/32 Am26L$30/32 


BLI-032 


Metallization and Pad Layout 


SLEW RATE 
INPUT A CONTROL A 


18 


3 OUTPUT A 


INPUT/ SAE a 
ENABLE B REE S OUTPUT B 
A ned ) 4: 3 13 
00 HS SLEW RATE 
7 : CONTROL B 
12 
SLEW RATE 
P CONTROL C 
INPUT/ fe, be net ala a) 
ENABLE C SSE Sa OUTPUT C 
10 
OUTPUT D 


5 
GND 





INPUT D SLEW RATE 
CONTROL D 


DIE SIZE 0.070” X 0.094” 
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Am26LS33 


Quad High Speed Differential Line Driver 


DISTINCTIVE CHARACTERISTICS 


Output skew — 2.0ns typical 

Input to output delay — 12ns 

Operation from single +5V supply 

16-pin hermetic and molded DIP package 

Outputs won't load line when Vcc = 0 

Four line drivers in one package for maximum package 
density 

Output short-circuit protection 

Complementary outputs 

Meets the requirements of EIA standard RS-422 

High output drive capability for 1002 terminated trans- 
mission lines 

Available in military and commercial temperature range 
Advanced low-power Schottky processing 

100% reliability assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am26LS31 is a quad differential line driver, designed for 
digital data transmission over balanced lines. The Am26LS31 
meets all the requirements of EIA standard RS-422 and federal 
standard 1020. Is is designed to provide unipolar differential 
drive to twisted-pair or parallel-wire transmission lines. 


The circuit provides an enable and disable function common 
to all four drivers. The Am26LS31 features 3-state outputs 
and logical OR-ed complementary enable inputs. The inputs 
are all LS compatible and are all one unit load. 


The Am26LS31 is constructed using advanced low-power 
Schottky processing. 


LOGIC DIAGRAM 


ENABLE ENABLE 


Vec OUTPUT OUTPUT 
D+ 


ORDERING INFORMATION 


Order 
Number 


AM26LS31DM 
AM26LS31 FM 
AM26LS31XM 
AM26LS31DC 
AM26LS31PC 
AM26LS31XC 


Temperature 
Range 


-55°C to +125°C 

-55°C to +125°C 

-55°C to +125°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


Package 
Type 


Hermetic DIP 
Flat Pak 
Dice 
Hermetic DIP 
Molded DIP 
Dice 


OUTPUT 
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OUTPUT OUTPUT 
Bt 


OUTPUT OUTPUT 


LIC-352 


CONNECTION DIAGRAM 
(Top View) 


Note: Pin 1 is marked for orientation. LIC-353 








Am26LS31 
ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 





Supply Voltage 7.0V 
Input Voltage 7.0V 
Output Voltage 5.5V 
Storage Temperature Range ~65°C to +150°C 


ELECTRICAL CHARACTERISTICS over the operating temperature range 


The following conditions apply unless otherwise specified: 


Am26LS31 XM (MIL) Ta = —55°C to +125°C Vec = 5V + 10% 
Am26LS31XC (COM’L) Ta =0°C to +70°C Vec = 5V + 5% 7 
yP. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 








Off-State (High Impedance) 
Output Current 





Input Clamp Voltage Vec = Min., lin = 18MA 


Output Short Circuit Current Vec = Max. 
Power Supply Current Vcc = Max., all outputs disabled 


Input to Output Vcc = 5.0V, Ta = 25°C, Load = Note 2 





Input to Output Voc = 5.0V, Ta = 25 C, Load = Note 2 
tLz Enable to Output Vcc = 5.0V, Ta = 25 C,C_ = 10pF 


Enable to Output Vcc = 5.0V, Ta = 25°C, Load = Note 2 
| tzH | Enable to Output Vcc = 5.0V, Ta = 25°C, Load = Note 2 


Notes: 1, All typical values are Voc = 5.0V, Ta = 25°C. 
2. CL = 30pF, Viqy = 1.3V to Vout = 1-3V, VpULSE = OV to +3.0V, See Below. 





2 = 
‘) = 
L ° 
tHz Enable to Output Vcc = 5.0V, Ta = 25°C, CL = 10pF 


AC LOAD TEST CIRCUIT PROPAGATION DELAY 
FOR THREE-STATE OUTPUTS (Notes 1 and 3) 


TEST ij. °* 
POINT Voc INPUT 
$1 TRANSITION 
1802 
FROM OUTPUT tPLH tpHL 
UNDER TEST aa 


TPUT 
Cy INCLUDES OUTPU —- f —\*- 
PROBE AND JIG 


CAPACITANCE | 


OUTPUT ——+ \{——-#- 


LIC-354 trot | tery LIC-355 
ENABLE AND DISABLE TIMES 


(Notes 2 and 3) 
Enable Disable 


ENABLE _ 
INPUT : 


OUTPUT 
NORMALLY 
LOW Sp OPEN 

















OUTPUT 


NORMALLY 1.3V 
Hign $1 OPEN 


(—__. ~ov 


Notes: 1. Diagram shown for Enable LOW. 
2. S1 and So of Load Circuit are closed except where shown. 
3. Pulse Generator for All Pulses: Rate < 1.0MHz; Zo = 5082; ty < 15ns; te < 6.Ons, 
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Am26LS31 


EQUIVALENT CIRCUIT (1/4 Am26LS31) 


TO OTHER 
THREE 
DRIVERS 





Rao 
(FEED THRU) 


BLI-023 


TYPICAL APPLICATION 


U4 
Am26LS32 


1/4 1/4 
Am26LS32 Am26LS32 


SHIELD OR COMMON GROUND RETURN 





LIC-357 
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Am26LS31 


Guaranteed Voy and Vo. 


(Ta = —55°C to +125°C) Vout Versus Vcc 








Sie Vou @ Voc = 5.0V 
| Vow @ Vcc = 4.5V 
Ba PIN 4 <0.8V, PIN 12> 2.0V 
ae Ri, = 10k TO GROUND 
| AREA INSIDE ENVELOPE 
IS LOW IMPEDANCE. (~502) 


AREA OUTSIDE ENVELOPE 
1S HIGH IMPEDANCE (21/4MQ) 


2.0 3.0 
lo_ OR —IQy (mA) Vout (VOLTS) LIC-359 





Vout (VOLTS) 
Vcc (VOLTS) 

















Metallization and Pad Layout 


+5.0V 


1 
INPUT A : INPUT D 





CHANNELA i c le) = CHANNEL D 
OUTPUTS Sal OUTPUTS 


ENABLE ENABLE 





CHANNEL B = 3 he CHANNEL C 
OUTPUTS mabe OUTPUTS 








INPUT B INPUT C 


DIE SIZE 0.067” X 0.084” 
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Am26LS32 ¢ Am26LS33 


Quad Differential Line Receivers 


DISTINCTIVE CHARACTERISTICS 


@ Input voltage range of 15V (differential or common mode) 
on Am26LS33; 7V (differential or common mode) on 
Am26LS32 
£0.2V sensitivity over the input voltage range on Am26LS32; 
+0.5V sensitivity on Am26LS33 
The Am26LS32 meets all the requirements of RS-422 and 
RS-423 
6k minimum input impedance 
30mV input hysteresis 
Operation from single +5V supply 
16-pin hermetic and molded DIP package 
Fail safe input-output relationship. Output always high 
when inputs are open. 

Three-state drive, with choice of complementary output 
enables, for receiving directly onto a data bus. 

Propagation delay 17ns typical 

Available in military and commercial temperature range 
Advanced low-power Schottky processing 

100% reliability assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am26LS32 is a quad line receiver designed to meet the 
requirements of RS-422 and RS-423, and Federal Standards 
1020 and 1030 for balanced and unbalanced digital data 
transmission. 


The Am26LS32 features an input sensitivity of 200mV over 
the input voltage range of +7V. 


The Am26LS33 features an input sensitivity of 500mV over 
the input voltage range of +15V. 


The Am26LS32 and Am26LS33 provide an enable and disable 
function common to all four receivers. Both parts feature 3- 
state outputs with 8mA sink capability and incorporate a fail 
safe input-output relationship which keeps the outputs high 
when the inputs are open. 


The Am26LS32 and Am26LS33 are constructed using Ad- 
vanced Low-Power Schottky processing. 


LOGIC DIAGRAM 


ENABLE ENABLE IND+ IND 


Vee OUTPUT D 


ORDERING INFORMATION 


ING+ ING 


5 ¥ a ¥ ¥ 


OUTPUT C 


Package 
Type 
Hermetic DIP 
Flat Pak 
Dice 
Hermetic DIP 
Molded DIP 
Dice 


Temperature 
Range 


—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


0°C to +70°C 
0°C to +70°C 
O°C to +70°C 


Am26LS32 


Order 
Number 


AM26LS32DM 
AM26LS32FM 
AM26LS32XM 
AM26LS32DC 
AM26LS32PC 

AM26LS32XC 


Am26LS33 


Order 
Number 


AM26LS33DM 
AM26LS33FM 
AM26LS33XM 
AM26LS33DC 
AM26LS33PC 

AM26LS33XC 


INa+ INa_ 


OUTPUT B OUTPUT A 


BLI-024 


CONNECTION DIAGRAM 
Top View 


INPUTS A Le 
a 
<i INPUTS B 
output A [_] | Srp 
OUTPUT 8 
wai fe 
|_| outPuT D 
Fe: 
6a] INPUTS D 
B 


output c [ | 
Note: Pin 1 is marked for orientation. 


wnnse [TPS 





LIC-360 














Am26LS32 @¢ Am26LS33 
ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 























Supply Voltage 7.0V 
Common Mode Range +25V 
Differential Input Voltage t25V 
Enable Voltage 7.0V 
Output Sink Current 50mA 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS Over the operating temperature range 
The following conditions apply unless otherwise specified: 


Am26LS32XM, Am26LS33XM (MIL) Ta = —55°C to +125°C 
Am26LS32XC, AM26LS33XC (COM’L) Tp, =0°C to +70°C 


-65°C to +165°C 


Voc = 5.0V + 10% 
Vec = 5.0V + 5% 


Test Conditions 


Am26L$32, -7V < Vom < +7V 
Am26LS33, —15V < Voy < +15V 


—15V < Vom < +15V (One input AC ground) 


Parameters Description 


Differential Input Voltage Vout = VoL or VoH 


Input Resistance 








+15V, Other Input —15V < Viyy < +15V 


Input Current (Under Test) VIN 


Input Current (Under Test) 


Output HIGH Voltage 
Output LOW Voltage 


Enable LOW Voltage 


Enable HIGH Voltage 
Enable Clamp Voltage 


Off-State (High Impedance) 
Output Current 


Enable tnpur in Curent | vnesev tt | 
Input to Output 


Enable to Output 


Enable to Output Ta = 25°C, Vcc =5.0V, CL = Spr, see test cond. below 


Enable to Output Tp = 25°C, Vcc =5.0V,C_ = 15pF, see test cond. below 
Enable to Output Ta = 25°C, Vcc = 5.0V, CL = 15pF, see test cond. below 


Note: 1. All typical values are Voc = 5.0V, Ta = 25°C. 





= —15V, Other Input —15V < Vin < +15V 
Vcc = Min., AViy = +1.0V 
VENABLE = 9.8V, lon = —440uA 
Voc = Min., AVin = —1.0V 





Vv 


VOH 
OL 


VENABLE = 0.8V 








Vec = Min., ly = —18mMA 








Vcc = Max., All Vin, = GND, Outputs Disabled 
Ta = 28°C, Voc = 5.0V, Vem = OV 
Ta = 25°C, Vec =5.0V, C, = 15pF, see test cond. below 








Ta = 25°C, Vcc =5.0V, CL = 15pF, see test cond. below 
Ta = 25°C, Vcc = 5.0V, CL = 5pF, see test cond. below 





LOAD TEST CIRCUIT 
FOR THREE-STATE OUTPUTS 


FROM OUTPUT 
UNDER TEST 


CL INCLUDES 
PROBE AND JIG 
CAPACITANCE 


ALL DIODES 
1N916 OR 
1N3064 


LIC-361 


PROPAGATION DELAY 
(Notes 1 and 3) 


Vou 
OUTPUT fe —_—_—_—_—_- + — 13v 
Vo. 
Ft puma 
OPPOSITE +2.5V 
PHASE 
INPUT —\—_ f— chs 
TRANSITION _—_—____—_—. -2.5V 


LIC-362 
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, 3. Pulse Generator for All Pulses: 


ENABLE AND DISABLE TIMES 
(Notes 2 and 3) 


—____— 3.0v 
ENABLE _ 
INPUT — 18v 


OUTPUT 
NORMALLY 
LOW 


ie 


OUTPUT 
iat $, OPEN 1.3V 


LIC-363 
Notes: 


1. Diagram shown for Enable LOW. 

2. S41 and Sg of Load Circuit are closed except 
where shown. 

Rate < 1.0MHz; 

Zo= 5022; ty < 15ns; te < 6.Ons. 





Am26LS32 2 Am26LS33 


EQUIVALENT CIRCUIT (1/4 Am26LS32 OR Am26LS33) 


Sa ae eee 
arr 
ELE b 
Vee Ra 


17 
" & 
Jo, = 8 10 ~ 
\7 D4 
R12 
\7 03 





TO OTHER 
3 CIRCUITS 


Note: Rg and Rg value for Am26LS32 is 2 times AM26LS33 value. 
BLI-025 


TYPICAL APPLICATION 


1/4 
Am26LS32 


SHIELD OR COMMON GROUND RETURN 
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Am26LS32 e Am26LS33 


ENABLE 


4 
Am26LS31 


© DATA OUTPUT 


>. 
Am26LS32 


LIC-365 


Two Wire Balanced System. 


1/4 


fi Am26LS29 


© DATA OUTPUT 


ee 
Am26LS32 


GROUND RETURN COMMON 
TO SEVERAL SIGNAL WIRES 


Single Wire With Common Ground Unbalanced System. 


LINE TERMINATION 


It is important in a digital communication system to have the 
minimum amount of noise generated by undesired reflections 
at the driver and receiver. There are numerous ways of match- 
ing to the line. The line can be matched at the driver, at the 
receiver or both, each method has advantages and disadvan- 
tages. Generally for any but the longest lines it is sufficient 
to match at one place, and only when there are discontinuities 
in the line, party line operation, or lack of a reasonable match 
at the opposite end of the line is the extra hardware of match- 
ing at both ends justified. The majority of transmission lines 
have fairly low characteristic impedances (in the range of 
50 to 200 ohms) and the currents involved for a reasonable 
voltage swing are quite large. It is more difficult to couple 
noise into this low impedance, but it is also more difficult to 
drive, and line drivers must have the ability to supply large 
currents. 


Various matching techniques that can be employed are shown 
in Figure 1. These impedance charts are useful in showing what 
happens to wave fronts traveling down a line, when the line 
delay is longer than the wave front transition. The DC input 
characteristic of the receiver, including any external compo- 
nents, is plotted on the V-! graph together with the output 
characteristic of the driver, including any external components 
used at the driving end. There are always quiescent points — 
points where the driver and receiver characteristics cross. These 
points represent the DC voltage/current conditions, which must 
eventually be satisfied. To determine the effect of switching 
from one quiescent point to the other, a line with a slope 
equal to the characteristic impedance of the transmission line 
is plotted, starting at the initial quiescent point and ending at 
the applicable output impedance characteristic. The point of 
intersection gives the voltage and current at the output of the 
driver (and the input of the transmission line immediately after 
the driver switched states). From this point a line having an 
equal but opposite slope is drawn to the input characteristic 
and, at the intersection shows the voltage/current conditions 
of the wave front at the input of the receiver. This procedure 
is repeated to the output characteristic and so on at each 
intersection of the characteristic, the voltage/current relation- 
ship for a particular reflection is given. The resulting time/ 
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voltage relationships for the traveling wavefront at the two 
ends of the transmission line are shown alongside. 


From the graphs several important features can be seen. If the 
line is not matched at either end considerable transient voltage 
swings can occur. In fact if the input and output character- 
istics are at right angles to one another, the reflections con- 
tinue for an infinite time if the line is assumed to have zero 
loss. Most lines have extremely low losses, and, therefore, 
a very undesirable situation exists if the line is not matched at 
either end. 


If the line is matched at the receiver, a voltage wave of con- 
stant amplitude travels down the line and is absorbed at the 
termination. Note whether the line is terminated to ground or 
to the power supply the system consumes DC power, either 
in the HIGH logic level or in the LOW logic level. In order 
to reduce the power dissipation, a blocking capacitor can be 
used in series with the receiver termination. The capacitor can 
be chosen to look like a short circuit to the voltage wavefront 
but stop DC (current) flow. Since the capacitor must be charged 
and discharged through the line, the data rate is reduced, when 
this technique is employed. 


If the line is matched with a series resistor at the driver, then 
the line input initially rises to one half the final voltage. This 
wave front travels down the line and is reflected at the receiver. 
When the reflection reaches the driver the voltage at the driver 
rises to its final amplitude. The receiver, however, sees one 
transition from the initial to the final amplitude. When the 


‘driver switches from HIGH to LOW a similar situation occurs, 


in which the input of the line sees at first a step to one half the 
final value and, two line delays later, the final LOW condition. 
This back matching mode of operation consumes no DC power 
if the input impedance of the receiver is infinite. The advantage 
of the method is that if the input impedance of the receiver 
is high, very little power is dissipated and current only flows 
during the transition time, which is twice the line delay time. 
If back matching is used in a balanced system the terminating 
series resistance must be divided into two equal resistances 
with resistors inserted in. series with each wire in order to 
maintain.a balanced system. 


Am26LS32 * Am26LS33 


SWITCHING FROM LOW TO HIGH SWITCHING FROM HIGH TO LOW VOLTAGE VERSUS TIME 


Zout L Zout L 


NO MATCHING 


Zo # Zo # ZoH # Zin 


OUTPUT 
OF LINE 


MATCHING AT 
RECEIVER TO 
GROUND 


Zo * Zin * Zot # ZoH 


OUTPUT 
OF LINE 


20 
aL INPUT 
OF LINE 





MATCHING AT 
RECEIVER TO 
SUPPLY 


Zo = Zin Zh # Zon 


OUTPUT 
OF LINE 


MATCHING AT 
ORIVER 


Zo * ZoH = Zo # Zin 


OUTPUT 
OF LINE 


IMPEDANCE PLOTS 


Figure 1. Line Matching Methods 





Metallization and Pad Layout 


1 Vec 15 


| INPUTS B 


INPUTS A | 
2 14 





OUTPUT A “4° OUTPUT B 
ENABLE 4 : ‘ ENABLE 


OUTPUT C : = OUTPUT D 





INPUTS D DIE SIZE 
0.087" X 0.059"" 


INPUTS C 
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USE OF THE Am26L829, 30, 31 and 32 
QUAD DRIVER/RECEIVER FAMILY IN 
EIA RS-422 AND 423 APPLICATIONS 





By David A. Laws and Roy J. Levy 


INTRODUCTION 

Today’s high-performance data processing systems de- 
mand significantly faster data communications rates than 
are possible with the EIA RS-232 specifications in use for the 
past ten years. 


Two new standards prepared by the Electronic Industries 
Association address this need. EIA RS-423 is an unbalanced, 
bipolar voltage specification designed to interface with RS- 
232C, while greatly enhancing its operation. It permits the 
communication of digital information over distances of up to 
2000 feet and at data rates of up to 300 Kilobaud. EIA 
RS-422 is a balanced voltage digital interface for com- 
municaton of digital data over distances of 4000 feet or 
data rates of up to 10 megabaud. 


Advanced Micro Devices has developed a family of 
monolithic Low-power Schottky quad line drivers and re- 
ceivers to meet the requirements of these specifications. 


The Am26LS29 and 30 line drivers and the Am26LS32 re- 
ceiver meet all requirements of RS-423 while the 
Am26LS31 differential line driver and the Am26LS32 re- 
ceiver meet the requirements of RS-422. 


A second receiver element, the Am26LS33 is available for 
use in high common mode noise environments, exceeding 
the common mode voltage requirements of RS-422 and RS- 
423. 


This application note reviews the use of these devices in 
implementing the new standards. Emphasis is given to the 
EIA RS-422 balanced interface. 


a) Single Wire With Common Ground. 


DATA 


ENABLE 





EIA STANDARD SPECIFICATIONS 


Two basic forms of operation are available for transmission 
of digital data over interconnecting lines. These are the 
single ended and differential techniques. 


The single-ended form uses a single conductor to carry the 
signal with the voltage referenced to a single return conduc- 
tor. This may also be the common return for other signal 
conductors. Figure 1a. 


The single-ended form is the simplest way to send data as it 
requires only one signal line per circuit. This simplicity, how- 
ever, is often offset by the inability of this form to allow 
discrimination between a valid signal produced by the 
driver, and the sum of the driver signal plus externally in- 
duced noise signals. 


A solution to some of the problems inherent in the single- 
ended form of operation is offered by the differential form of 
operation. Figure 1b. This consists of a differential driver 
(essentially two single-ended drivers with one driver always 
producing the complementary output signal level to the 
other driver), a twisted pair transmission line and a differen- 
tial line receiver. The driver signal appears as a differential 
voltage to the line receiver, while the noise signals appear as 
a common mode signal. The two signals, therefore, can be 
discriminated by a line receiver with a sufficient common 
mode voltage operating range. 


The Electronic Industries Association, EIA, has defined a 
number of specifications standardizing the interface be- 
tween data terminal equipment and data circuit terminating 
equipment based on both single-ended and differential op- 
eration. 


ENABLE 


BLI-013 


BLI-014 


Figure 1. Data Communication Techniques. 
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The most widely used standard for interfacing between data 
terminal equipment and data communications equipment 
today, is EIA RS-232C, issued in August 1969. The RS-232C 
electrical interface is a single-ended, bipolar-voltage, unter- 
minated circuit. This specification is for serial binary data 
interchange over short distances (up to 50 feet) at low rates 
(up to 20 Kilobaud). It is a protoco! standard as well as an 
electrical standard, specifying hand shaking signals and 
functions between terminal and the communications 
equipment. As already noted, single-ended circuits are sus- 
ceptible to all forms of electromagnetic interference. Noise 
and cross talk susceptibility are proportional to length and 
bandwidth. RS-232C places restrictions on both. It limits slew 
rate of the drivers (30V/s) to control radiated emission on 
neighboring circuits and allows bandwidth limiting on the 
receivers to reduce susceptibility to cross talk. The length 
and slew rate limits can adequately control reflections on 
unterminated lines, and the length and bandwidth limits are 
more than adequate to reduce susceptibility to noise. 


a) EIA RS-232C Generator Output. 


Vss = |Vt - Vil 


Use of the Am26LS29, 30, 31, and 32 


Like EIA RS-232C, the new EIA RS-423 is also a single-ended, 
bipolar-voltage unterminated circuit. It extends the distance 
and data rate capabilities of this technique to distances of up 
to 4000 feet at data rates of 3000 baud, or at higher rates of up 
to 300 Kilobaud over a maximum distance of 40 feet. 


EIA RS-422 is a differential, balanced voltage interface capa- 
ble of significantly higher data rates over longer distances. It 
can accommodate rates of 100 Kilobaud over a distance of 
4000 feet or rates of up to 10 megabaud. These performance 
improvements stem from the advantages of a balanced con- 
figuration which is isolated from ground noise currents. It is 
also immune to fluctuating voltage potentials between sys- 
tem ground references and to common mode electromag- 
netic interference. Figure 2 compares the driver output 
waveforms for the three EIA standard configurations, while 
Table | compares the key characteristics required by drivers 
and receivers intended for these applications. Since RS-232C 
has been in use for many years, RS-422 and 423 parameter 
values have been selected to facilitate an orderly transition 
from existing designs to new equipment. 


Vss = Difference in steady 


state voltages 
Ri = 3KQ to 7K 


Vsg min. = +5V; Vgg max. = +25V BLI-015 


b) EIA RS-422 Generator Output. 


tp = Time duration of the unit interval 
at the applicable modulation rate 

t, < 0.1tp when tp > 200ns 

ty < 20ns when tp < 200ns 


c) ElA RS-423 Generator Output. 


Vss = Difference in steady state voltages 
Vss = Mt - Vil 
Vsg min. = 2V; Vgg max. = 6V 
BLI-016 








Vsg = [Vt - Vil 
Vss = Difference in steady 
state voltages 
Vsg min. = +3.6V; Vgg max. = +6V 





BLI-017 


Figure 2. Driver Output Waveforms. 


4-46 


Use of the Am26LS29, 30, 31, and 32 


TABLE | 
KEY PARAMETERS OF EIA SPECIFICATIONS 





Form of Operation Single Ended 














2000 
300K 


Max. cable length 
Max. data rate 


Driver output 
voltage, open 
circuit® 

Driver output 
voltage, Loaded 
output” 





+5 to +15 









Driver output resis- Ro = 3000 
tance power off 
Driver output short 


circuit current Isc 

















+500 
30 Vinsec Max. 


+150 


Driver output slew 
rate 


rate 


Receiver input 3K to 7K 24K 


resistance Rip, 











Receiver input —3 to +3 


thresholds 


Receiver input 
voltage 









—25 to +25 


* + indicates polarity switched output. 


INTEGRATED CIRCUIT CHARACTERISTICS 


Most semiconductor manufacturers offer integrated circuits 
designed to satisfy the old RS-232C standard. A number of 
them have designs in progress to meet the new EIA specifica- 
tions. Products available from Advanced Micro Devices to 
meet these needs are shown in Table Il. 


The Am26L829, 30, 31 and 32 area family of quad drivers and 
receivers designed specifically to meet the new EIA stan- 
dards. These products utilize Low-Power Schottky technol- 
ogy to incorporate four drivers or four receivers, together 
with control logic, in the standard 16-pin package outlines. 


The Am26LS29/30 and the Am26LS32 are driver and receiver 
pairs designed to implement the single-ended EIA RS-423 
standard. The Am26LS31 is a differential line driver designed 
for use with the Am26LS32 receiver in a differential mode to 
meet EIA RS-422. 


Am26LS29 AND Am26LS30 QUAD 
RS-423 LINE DRIVERS 


The Am26LS29 and 30 consist of four single-ended line driv- 
ers designed to meet or exceed the requirements of RS-423. 
The buffered driver outputs are provided with sufficient 
source and sink current capability to drive 50 ohm to a virtual 
ground transmission line and high capacitive loads. The 
Am26LS29 has a three-state output control while the 
Am26LS30 has a Moce Control input that allows it to operate 
as a dual RS-422 driver (with suitable power supply change- 
s), Figure 3. 


Each of the four driver inputs, as well as the Enable/Mode 
Control input is a PNP Low-Power Schottky input for reduced 


Single Ended 














100uA between 
—6 to +6V 


Slew rate must be 
controlled based 
upon cable length 
and modulation 





—0.2 to +0.2 


—12 to +12 
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Differential 
4000 
10M 
6 volts 











Feet 
Baud 



































between Volts (Max.) 
outputs 

2 volts 

between Volts (Min.) 
outputs 

100uA between Min. 








+6 and —.25V 












+150 


No control 
necessary 


mA (Max.) 



















a 











—0.2 to +0.2 Volts (Max.) 

















—12 to +12 Volts (Max.) 


input loading, one-half the normal fan-in. Since there are two 
inverters from each input to output, the driver is non- 
inverting. When operating in the RS-423 mode, the 
Am26LS29 and 30 require both +5V and —5V nominal value 
power supplies. This allows the outputs to swing symmetri- 
cally about ground — producing a true bipolar output. The 
Mode Control (Pin 4) of the Am26LS30 should be HI or tied to 


TABLE Il 
ADVANCED MICRO DEVICES’ 
EIA COMPATIBLE DEVICES 


EIA Standard] _—Drivers___ | __——Receivers__| 


Am1488 Am1489, 1489A 


Quad Driver Quad Receivers with 
response control pin 


Am9617 
Triple Receiver with 


































Am9616 
Triple Driver with 





RS-232C 







logic control optional hysteresis 
Am2616 Am2617 

Quad Driver also Quad Receiver specified 
specified for CCITT | over MIL range 

V.24 and MIL-188C 


















Am26LS31 
Quad Differential 
with three-state 
control gating 
Am26LS29 
Quad Driver with 
three-state output 
Am26LS30 


Quad Driver with 
slew rate control 


Am26LS32 


Quad Differential Driver 
single-ended Receiver 






Am26LS32 
Quad single-ended/ 
Differentia! Receiver 


a) Logic Diagrams 


Am26LS29 


SR CONTROL A 


OUTPUT A 


INPUT A 


SR CONTROL B 


OUTPUT B 


INPUT B 


SR CONTROL C 


OUTPUT C 


(INPUT C 


SR CONTROL D 


INPUT D OUTPUT D 





BLI-018 


(6) C INPUT 
3 BINPUT 


E A INPUT 
O (7) D INPUT 
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Am26LS$30 
RS-423 Operation (Mode Control HIGH) 


= 
= 
= 


SR CONTROLA 


INPUT A OUTPUT A 


SR CONTROL B 


INPUT B OUTPUT B 


SR CONTROL C 


INPUT C OUTPUT C 


SR CONTROL D 


INPUT D OUTPUT D 


V+ 
GROUND 


ve MODE 


CONTROL BLI-019 


(14) BOUT 
{11) C OUT 
(10) 8 OUT 


16 A SLEW 
(13) B SLEW 
(12) C SLEW 
{9) D SLEW 


BLI-020 





Figure 3. Am26LS29 and Am26LS30 Drivers. 


Voc. Each output is designed to drive the RS-423 load of 50 
ohms with an output voltage equal or greater than +3.6 volts 
in the HI state and —3.6 volts in the LO state. Each output is 
current limited to 150mA max. in either logic state. A Slew 
Rate control pin is brought out separately for each output to 
allow output ramp rate (rise and fall time) control. This pro- 
vides suppression of near end cross talk to other receivers in 
the cable. Connecting a capacitor from this node to that 
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driver's respective output will produce a ramp (10% to 90%) 
of 50ns typical for each picofarad of capacitance in that 
capacitor. RS-423 establishes recommended ramp rates ver- 
sus length of line driven and modulation rate, Figure 4. 


The Am26LS30 can be used at low data rates as a dual EIA 
RS-422 driver with three-state outputs by connecting the Veg 
supply and the mode control input to ground. 
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Am26LS31 QUAD RS-422 DRIVER 


The Am26LS31 is a quad differential line driver designed to 
meet the RS-422 specification while operating with a single 
+5 volt supply. A common enable and disable function con- 
trols all four drivers, Figure 5. The driver features high speed, 
de-skewed differential outputs with typical propagation de- 
lays of 12ns and residual skew of 2ns. Both differential line 
outputs are designed for three-state operation to allow 
two-way half duplex and multiplex, data bus applications. 


Table Ill is a summary of the essential requirements of the 
RS-422 standard. Section A describes the key characteristics 
satisfied by the Am26LS31 driver. 


The balanced differential line driver consists of two halves, 
each of which is similar to a Low-power Schottky TTL gate 
with equal source and sink current capability. The two halves 
are emitter coupled in a differential input configuration. One 
side of the input circuit is tied to a fixed TTL bias threshold 
and the other side is tied to a sink diode in normal DTL/TTL 
fashion. This configuration offers complementary outputs 
with very low skew, dependent only upon component match- 
ing, a necessity to meet RS-422. 
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Figure 4. Data Modulation Rate or Cable Length 
Versus Risetime for EIA RS-423. 


INPUT 
D 


ENABLE ENABLE 


Veg OUTPUT OUTPUT 
b2 D1 


OUTPUT OUTPUT 
c2 cl 





The circuit diagram of the driver is shown in Figure 6. The 
emitter-coupled input circuit is formed by Q2 and Q3, which 
are biased by a current source. This source is a current 
mirror, formed by Q1 which supplies the current, and D6 
which is diode connected transistor matched to Q1. The fixed 
bias for Q3, formed by D5 and D6, is 2Vgg. A 2Vpe bias, less 
the D2 Schottky diode drop, provides the normal Low-power 
Schottky TTL threshold, V),_ = 0.7V. R19 provides a boost to 
0.8V for a full 400mV TTL noise margin. The differential 
outputs of the emitter coupled stage, A and A, drive emitter 
followers Q14 and Q15, which provide the required speed 
and matching characteristics. The emitter followers, drive 
phase splitters Q4 and O5, which in turn drive totem-pole 
outputs. The outputs at the line interface are of standard 
Low-power Schottky TTL configuration, except that circuit 
values are modified to provide high sourcing capability. The 
outputs are designed to source or sink 20mA each, so that 
they can generate a voltage of at least 2.0V across a 100 ohm 
load, as required by RS-422. Additional circuitry has been 
included to make the line outputs three-state for two-way 
bus applications. The Am26LS31 meets the RS-422 require- 
ment that the driver not load the line in the powered down 
condition (ly < 100A) or if the power supply to that device 
should fail. 


Am26LS32 QUAD RS-422 AND 423 RECEIVER 


The Am26LS32 is a quad line receiver which, operating from 
a single 5 volt supply, can be used in either differential or 
single-ended modes to satisfy RS-422 and 423 applications 
respectively. A complementary enable and disable feature, 
similar to that on the driver, controls all four receivers, Figure 
7. The device’s three-state outputs, which can sink 8mA, 
incorporate a fail-safe input-output relationship which keeps 
the outputs high when the inputs are open. 


The Am26LS32 meets the receiver input specification of 
Table Ill, a 200mV threshold sensitivity with common mode 
rejection exceeding the supply line potentials, (greater than 7 
volts). The same design feature of the input circuit which 
provides the common mode rejection also insures excellent 
power supply ripple rejection, which is important when 
switching the high currents involved in asystem’s interfaces. 
Furthermore, unlike operational amplifiers, where the DC 
common mode and power supply rejection ratios roll off 
with open loop gain, the full rejection capability of this line 
receiver is maintained at high frequencies. The receiver hys- 
teresis of typically 30mV, provides differential noise immuni- 
ty. Signals received on long lines can have slow transition 
times, and without hysteresis, a small amount of noise 
around the switching threshold can cause errors in the re- 
ceiver output. 


OUTPUT OUTPUT OUTPUT OUTPUT 
B2 B A2 Al Bice 


Figure 5. Am26LS31 Logic Diagram. 
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TABLE Ill 
SUMMARY OF EIA RS-422 STANDARD FOR A BALANCED DIFFERENTIAL INTERFACE 













B. Line Receiver 
Signal Voltage Range 


Differential \Va 
Common Mode 


A. Line Driver 
Open Circuit Voltage (either logic state) 

Differential lVdol < 6.0V 

Common Mode \Vemo! = 3.0V 






Differential Output Voltage (across 100 ohm load) 
Either logic state |Vg| = max (0.5V qo, 2.0V) 










































Single-Ended Input Current (power ON or OFF) 


Either Input at V, 1Vx/= 10V 


Output Impedance Other Input Grounded jly| = 3.25mA 


Either logic state Rg = 100 ohms Single-Ended Input Bias Voltage (other input grounded) 


Mark-Space Level Symmetry (across 100 ohm load) Either Input Open Circuit Vp < 3.0V 


Differential \Vasl — |Vaml = 0.4V 
Common Mode IVems!| — [Vemm| = 0.4V 


Single-Ended Input Impedance (other input grounded) 
Either Input R, = 4000 ohms 
Output Short Circuit Current (to ground) 
Either Output |Isg | < 150MA 


Differential Threshold Sensitivity 


Common Mode Voltage Range Vom! = 7.0V 


Output Leakage Current (power off) Either Logic State [Vr] = 200mv 


Voltage Range -—0.25V < V, < +6.0V Absolute Maximum Input Voltage 
Either Output at V, IIx] = 100nA Differential [Va] < 12V 
Rise and Fall Times (across 100 ohm load) Single-Ended , [Vx] = 10V 
T = Baud Interval (t,, ts) < max (0.1T, 20ns) Input Balance (threshold shift) 
Ringing (across 100 ohm load) Common Mode Voltage Range Mem! <= 7.0V 
ier Differential Threshold (500 ohms in series with each 
Definitions input) 
Vass = Vq (steady state) Either Logic State [Vi] < 400mV 


Vss = Vas— Vam (steady state) 
Limits (either logic state) 


Percentage l\Va—Vass| = 0.1Vsg 
Absolute 2.0V < |Vqg| < 6.0V 


Termination (optional) 
Total Load Resistance (differential) Ry > 90 ohms 


Multiple Receivers (bus applications) 
Up to 10 receivers allowed. Differential threshold sen- 
sitivity of 200mV must be maintained. 

Hysteresis (optional) 


As required for applications with slow rise/fall time at 
receiver, to control oscillations. 








Fail Safe (optional) 


As required by application to provide a steady MARK or 
SPACE condition under open connector or driver 
power 
OFF condition. 


C. Interconnecting Cable 


Type 
Twisted Pair Wire or Flat Cable Conductor Pair 





Conductor Size 


Copper Wire (solid or stranded) 24 AWG or larger 
Other (per conductor) R < 30 ohms/1000 ft. 


Capacitance 


Mutual Pair C < 20pFift. 

Stray C =< 40pFift. 
Pair-to-Pair Cross Talk (balanced) 

Attenuation at 150KHz A = 40dB 
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2,6, 10,14 


TO OTHER 
THREE ~ 
DRIVERS 


40 
(FEED THRU) 


BLI-023 





Figure 6. Am26LS31 Circuit Diagram (Only one driver shown). 


The balanced differential line receiver is a three-stage circuit. 
The input stage consists of a low-impedance differential cur- 
rent amplifier with series resistor inputs to convert line signal 
voltage to current and provide a moderate input impedance. 
The input resistors provide an impedance greater than 6K on 
each input, power on or power off, which exceeds the re- 
quirements of RS-422 and RS-423. This is one advantage of 
the current amplifier input circuit. Another advantage is that 
is can operate with immunity to common mode voltages 
above Vcc and below ground. The differentia! threshold 
sensitivity of this circuit is 200mV, as required by RS-422. The 
second stage is a differential voltage amplifier, which inter- 
faces to the single-ended output stage through an emitter 
follower. The output stage is a standard Low-power Schottky 
TTL totem-pole output with three-state capability. 


The full circuit is shown in Figure 8. Resistors Rop and Roy, 
which connect the non-inverting input to Vcc and the invert- 
ing input to ground, provide the fail-safe feature, which 
guarantees a HIGH logic state for the receiver output when 
there is no signal on the line. The differential voltage 
amplifier in the second stage is formed by Q6 and Q3 which 
are biased by current source Q9. The hysteresis in the re- 
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ceiver switching characteristic is provided by 04 and O5, a 
differential pair biased by current source Q6, whose collec- 
tors are connected in positive feedback to the input pull-up 
circuits. A small amount of current is switched by 04 and Q5, 
which must be overcome by the different voltage signal, 
resulting in the hysteresis. The output stage is driven from 
one side of the differential second stage by emitter follower 
Q17, which is a multiple emitter transistor. the second emit- 
ter is the control point for the three-state output.Q17 drives 
the phase splitter Q12, which in turn drives the three-state 
totempole output. The remainder of the circuit is the output 
enable control logic. This three-state capability on te re- 
ceiver TTL side of the interface is a useful feature for mod- 
ularizing two-way bus design. 


A mask option of the input resistors (R,, Ro, Rap and Ro) 
modifies the receiver characteristics to improve operation 
in high common mode noise environments. This device, 
known as the Am26LS33, has these resistors at twice the 
value of the Am26LS32. An input differential or common 
mode voltage range of +15 volts is achieved at the expense 
of a minor decrease of input threshold sensitivity, to 
+500mV from +200mV. 


Use of the Am26LS29, 30, 31, and 32 


ENABLE ENABLE INp2 INpy 


OUTPUT D OUTPUT C OUTPUT B OUTPUT A 
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Figure 7. Am26LS32 Logic Diagram. 
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Note: Rg and Rq values for Am26LS32 are half the Am26LS33 values. 
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Figure 8. Am26L$32 and Am26LS33 Circuit Diagram (Only one receiver shown). 


4-52 


Use of the Am26LS29, 30, 31, and 32 


APPLICATIONS IN MIXED RS-232 AND 422/3 
SYSTEMS 


A system implemented with the RS-422 differential output 
cannot be used to drive an RS-232C system directly. An 
RS-423 single-ended. driver, such as the Am26LS29 or 
Am26LS30, may be used provided certain precautions are 
observed. 


1. Although the RS-423 driver output specification of be- 
tween 4 to 5V does not meet the RS-232C specification of 
6V, operation is usually satisfactory with RS-232C receiv- 
ers. This is achieved because the short cable lengths per- 
mitted by RS-232C cause very little signal degredation 
and because of the low source impedance of the RS-423 
driver. 


. RS-232C specifies that the rise time for the signal to pass 
through the +3.0V transition region shall not exceed 4% 
of the signal element duration. RS-423 requires much 
slower rise times, specified from 10% to 90% of the total 
signal amplitude, to reduce cross talk for operation over 
longer distances. Therefore, the RS-423 driver in the 
equipment must be waveshaped. This is achieved by 
selection of a capacitor value for the Am26LS30 to simul- 
taneously meet the requirements of both RS-423 and RS- 
232C for data rates covered by RS-232C. 


. RS-423 specifies one common return ground for each 
direction of transmission, RS-232C requires only one 
for both directions of transmission. Care must be taken 
to insure that a return ground path has been created 
when interfacing between the two systems. 


. RS-232C does not require termination, while it may be 
necessary for RS-422 and 423. Detailed consideration of 
termination is covered in the next section. 


Note that RS-422 and RS-423 specifies that receivers should 
not be damaged by voltages up to 12V, while RS-232C allows 
drivers to produce output voltages up to 25V. The Am26LS32 
receiver has been designed to avoid this hazard and can 
withstand input voltages of +25 volts. 


RS-422 TRANSMISSION LINE FEATURES 


Any time a receiver and transmitter are connected with more 
than a few inches of a wire, problems due to reflections can 
arise if care is not exercised to terminate the line correctly. 
RS-422 describes the cable as a twisted pair of approximately 
1200 impedance terminated in a resistor Ry. Ry is not 
specified because there are two extreme values which may 
be chosen for the two following general classes of usage: (1) 
single direction transmission; and (2) multi-direction and 
multiple source transmission (party line). Considering the 
cable impedance only, the termination should equal the 
cable impedance of 1200. However this reduces the termi- 
nated cable resistance as seen by the driver to only 600, with 
resulting loading of the output signal. This loading causes a 
reduction of S/N ratio at the received terminal due to the 
decrease in signal voltage swing. The solution lies in a com- 
promise between an Ry of 1200 which provides maximum 
power transfer at a reduced S/N ratio or Ry of 240 which 
causes a mis-match of 2-to-1 but no S/N reduction. The 
choice is left to the user as it is system dependent. Both 
schemes will work for an average line length and should only 
approach the margins at maximum line length and 
maximum bit rates. 


Electronic Industries Association, when preparing EIA Stan- 
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dard RS-422 conducted their tests with 24 gauge twisted pair 
wire. The resulting length vs. data rate, is published as a 
guideline in RS-422 (Figure 9). This shows two important 
results: (1) Unmodulated baseband (NRZ) signalling is not 
recommended at distances greater than 4000 feet; (2) At data 
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Figure 9. Data Rate Versus Cable Length for Balanced, 
Twisted Pair Cable (From EIA RS-422). 


rates above about 100KHz, the maximum cable length for 
acceptable signal quality is inversely proportional to data 
rate. 


Result (1) above is due to the DC resistance of the cable. Fora 
4000 foot cable with a DC resistance of 30 ohms/1000 feet, the 
DC series loop resistance is 2400. The minimum allowable 
terminated differential load impedance is 909. The DC vol- 
tage attentuation is 90/(90 — 240) = 1/4(6db), which is arbitrar- 
ily chosen as the maximum allowable limit. 


Result (2) is due to line losses. Laboratory tests using the 
26LS31 Line Driver connected to the 26LS32 Line Receiver by 
800 feet of ordinary 20 AWG twisted pair (Beldon #8205 
plastic-jacketed wire), terminated in its characteristic impe- 
dance of 1000 were evaluated. The input waveform was a 
500KHz square wave with (10% to 90%) rise and fall times of 
less than 10ns. The output waveform produced rise and fall 
times which together accounted for approximately one-half 
the period (t, + t, = 500ns). This was due to line loss and 
constant capacity. The energy per cycle of the output 
waveform is approximately 25% lower than that of the input. 
The input rise and fall times are not a function of line length, 
assuming matching termination. The output rise and fall 
times are dependent upon length in a complex manner. 
Furthermore, it can be shown by observation that they build 
up along the line. 


Many good reference sources are available on the subject of 
transmission lines (References 1, 2, 3 and 4). These will 
provide background information to the following discussion. 


Seshadri in Reference (1) has analyzed a line with series 
resistance losses and has shown that rise time varies with 
the square of the length. This shows series resistance to be a 
function of the square root of frequency. However when one 
tries to use this result in combination with the previous 
result, it becomes apparent just how difficult the problem is. 
In Reference (2), the authors point out that skin depth implies 
a frequency dependent series inductance as well as resis- 
tance, and that one cannot be considered without the other. 


They go on to show how this leads to the same result; 
namely that rise and fall times vary with the square of dis- 
tance. 


No attempt will be made to explain here why Figure 5 shows 
maximum length varying inversely with frequency rather 
than with the square of frequency. Certainly many complex 
factors are involved. Our laboratory observations showed a 
dependence somewhere in between linear and square law. 


The Am26LS31 Quad Line Driver and the Am26LS32 Quad 
Line Receiver are capable of good, clean operation to the 
distance limits and data rate limits of RS-422. 


SYSTEM APPLICATIONS 
The Am26LS30, 31, 32 and 33 can be combined in various 


Am26L829 OR 
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Use of the Am26LS29, 30, 31, and 32 


signaling networks. Using Am26LS29, Am26LS30 and 
Am26LS32, Figure 10, a unidirectional RS-423 communica- 
tion can be constructed. Allowing for the voltage variation 
described earlier, RS-232C requirements can be satisfied. It 
should be noted that the Am26LS29 or Am26LS30 is used 
above to meet the bipolar requirements. If a single-ended 
line, Figure 11, is required without a bipolar requirement, the 
Am26LS31 can be used by biasing the reference terminal of 
the receiver to approximately 1.5 volts. Note that additional 
resistors will enhance fail safe operation. 


Figure 12 shows the use of the Am26LS31 and Am26LS32 to 
meet a balanced line, single direction RS-422 application. If 
bidirectionality is required, an additional termination should 
be added as shown in Figure 13. 


Am26LS32 
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Figure 10. Unidirectional RS-423 (partial RS-232C). 
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a) RS-422 Application. 


ENABLE b) Improved Fail-Safe Margin. 
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Figure 12. 
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ENABLE 


ENA 


Am26LS30/32 


a) Full Duplex Four-Wire Data Communication RS-422 Interface (with Data Modem). 
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Figure 13. Bidirectional RS-422. 
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Figure 14. Party Line Configuration. 
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Figure 15. 
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b) Full Duplex Four-Wire Data Communication 
RS-422 Interface (without Data Modem). 
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Figure 15. (Cont.) 


The high speed capability of RS-422 has attracted the in- 
terest of many computer designers for use in the party 
line mode (Figure 14). The most common usage is that of 
a four wire full duplex exchange system (Figure 15). This 
mode of operation involves two pairs of wires each han- 
dling a single direction of traffic. The outgoing direction 
consists of one driver (Am26LS30 or Am26LS31) and n 
receivers (Am26LS32 or Am26LS33). The incoming direc- 
tion consists of one receiver (AmM26LS32 or Am26LS33) 
and n drivers (Am26LS30 or Am26LS31). This seems ex- 
tremely simple to organize. However, problems arise 
when system ground is considered. If the network of re- 
ceiver and driver span a moderate to long physical dis- 
tance, ground loop noise or differences are developed 
changing the voltage that appears at the terminals of all 
receivers and drivers except for the one driver that is ac- 
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tive. It remains the system reference as long as it is ac- 
tive. This induced or system developed voltage is referred 
to as Common Mode voltage (CMV) and as such must be 
considered as a device parameter. All manufacturers 
specify CMV capability of their receiver in compliance 
with RS-422 (approx. 7 voits plus signal) but there is no 
specification for drivers. If the dimensions of the system 
are short compared to 1/4 wave length of the maximum 
date rise and fall times, the CMV can be assumed to be 
minimal and drivers with single voltage supply and lim- 
ited negative CMV can be used, i.e., Am26LS31. If the sys- 
tem dimensions are large, the CMV will cause problems 
in that the driver will clamp to the ground the moment 
the collective or apparent voltage swings below minus 0.5 
volts relative to the driver ground, causing a short in the 
line and increasing level shift and noise. The clamping is 
caused in part by conduction of the I/C substrate diode. 
The problem can be avoided by using a driver with an 
output common mode range (Am26LS30). The Am26LS30 
guarantees an output CMV range of +10 volts about the 
driver ground reference. New international standards are 
under consideration to specify this mode of operation. In 
conclusion, a good system of 4 wire full duplex for data 
communication would use as an outgoing pair an 
Am26LS30 line driver and up to 12 — Am26LS32 line re- 
ceivers, with a termination at the near and far ends of the 
cable. The same system would use as an incoming pair 
an Am26LS32 line receiver and up to 32 — Am26LS30 line 
drivers with only one enabled at a time and all others in 
three-state mode with cable termination at both near and 
far ends of the cable. 


Many other applications are possible using this family of 
devices. Although the designs are based on the require- 
ments of the EIA data communications specifications, 
they are not limited to these situations. Aircraft buses and 
internal equipment interconnections will benefit from the 
features offered by these products. 
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Am26S10 -Am26S11 


Quad Bus Transceivers 





Distinctive Charactarisitcs © Bus compatible with Am2905, Am2906, Am2907 

© Input to bus is inverting on Am26S10 e@ Advanced Schottky processing 

@ Input to bus is non-inverting on Am26S11 @ PNP inputs to reduce input loading 

@ Quad high-speed open collector bus transceivers @ 100% reliability assurance testing in compliance with 
@ Driver outputs can sink 100mA at 0.8V maximum MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC SYMBOLS 


The Am26S10 and Am26S11 are quad Bus Transceivers 

consisting of four high-speed bus drivers with open-collector Pa ee 

outputs capable of sinking 100mA at 0.8 volts and four 

high-speed bus receivers. Each driver output is connected 

internally to the high-speed bus receiver in addition to being 

connected to the package pin. The receiver has a Schottky Ig 14 I2 

TTL output capable of driving ten Schottky TTL unit 

loads. Am26S10 Am26S11 
QUAD QUAD 2 

An active LOW enable gate controls the four drivers so TRNN SPEIER TRANSCEIVER 2 

that outputs of different device drivers can be connected 

together for party-line operation. The enable input can 

be conveniently driven by active LOW decoders such as 


the Am25LS139. 
LIC-370 LIC-371 


The bus output high-drive capability in the LOW state Veco =Pin16 
allows party-line operation with a line impedance as low suo} =Pin1 
as 10022. The line can be terminated at both ends, and still GND» = Pin8 
give considerable noise margin at the receiver. The receiver 

typical switching point is 2.0 volts. 


The Am26S10 and Am26S11 feature advanced Schottky 
processing to minimize propagation delay. The device 
package also has two ground pins to improve ground current Am26S10 
handling and allow close decoupling between Vcc and y 

ground at the package. Both GND, and GND2 should be 

tied to the ground bus external to the device package. 


Bo Cy Bg 8&3 By Bz 83 


LOGIC DIAGRAMS 


ORDERING INFORMATION 


Am26S10 Am26S11 


Package Temperature Order Order 
Type Range Number Number 


Molded DIP 0°C to +70°C AM26S10PC AM26S11PC 
Hermetic DIP 0°C to +70°C AM26S10DC AM26S11DC 
Dice 0°C to +70°C AM26S10XC AM26S11XC 
Hermetic DIP —55°C to +125°C 1 AM26S10DM AM26S11DM Zp LIC-372 
Hermetic Flat Pack —55°Cto+125°C AM26S10FM AM26S11FM 


Dice —55°C to+125°C AM26S10XM AM26S11XM 
Am26S11 


CONNECTION DIAGRAMS 


Top Views 


Am26S11 


7 
a 
5, 


2 4 5 
Tou 
2 & TF 


GND, GND, 


Note: Pin 1 is marked for orientation. LIC-373 
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Am26S10 « Am26S11 
MAXIMUM RATINGS (Above which the useful life may be impaired) 















































Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
Output Current, Into Bus 200 mA 
Output Current, Into Outputs (Except Bus) 30 mA 
DC Input Current —30mA to +5.0mA 





ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


Am26810XC, Am26S11XC Ta =0°C 10 +70°C Vec = 5.0V +5% (COM’L) MIN. =4.75V MAX. = 5,25V 
Am26S10XM, Am26S11XM Ta = —55°C to +125°C Vec = 5.0V £10% (MIL) MIN. = 4,5V MAX. = 5.5V 

ree cae . Typ. : 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 

















Input LOW Level Guaranteed input logical LOW 
(Except Bus) for all inputs 


VoL Output LOW Voltage Vcc = MIN., loy = 20mA 0.5 Volts 
(Receiver Outputs) Vin =Vitor Vin 
Vin Input HIGH Level Guaranteed input logical HIGH 2.0 | Volts 
(Except Bus) for all inputs 
Vv 
Cc 


eal ea 








ue i Vec = MIN., lyn = —18mA 
(Except Bus) cc «TIN 














input LOW Current Vcc =MAX., Vin = 0.4V | use mA 
; Data —0.54 


Input HIGH Current Vec = MAX., Vin = 2.7V 2b uA 


(Except Bus) Data L 30 
Input HIGH Current Vcc = MAX., Vin = 5.5V 100 LA 


(Except Bus) 





: 


(Except Bus) 















= =_ MIL 2.5 3.4 
é Output HIGH Voltage Vec = MIN., loH = —1.0mMA — Volts 
(Receiver Outputs) VIN = VIL or VIH COM’L 2.7 3.4 
oO 
l 
! 
{ 
H 









































Output Short Circui 0 
Is mee ‘ a ircuit Current Voc = MAX. uated) 
sia COM'L -~18 


\ Power Supply Current Vcc = MAX. Am26S10 | 45 | 
eek (All Bus Outputs LOW) Enable = GND amesiti{| | ~*~ 80 —~*« 


Bus Input/Output Characteristics 














Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


MIL 
loL = 100mA . 
Output LOW Voltage Vee = MIN. oe ae 
COM’L loL = 70mA 0.42 ; 
lol = 100mA 0.51 0.8 


Bus Leakage Current MIL 
COM'L 


Bus Leakage Current (Power Off) Vo = 4.5V 


























Bus Enable = 2.4V 
Vec = MAX 





Receiver Input HIGH Threshold 

















Bus Enable = 2.4V © 
Vcc = MIN 





Receiver Input LOW Threshold 

















Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Etectrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25 C ambient and maximum toading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am26S10 « Am26S11 


Switching Characteristics (Ta = +25°C, Vcc = 5.0V) 
Parameters Description Test Conditions Min. Typ. Max. Units 


Am26S10 




















Data Input to Bus 










Rp = 502 
Cp = 50pF (Note 1) 












tPLH Rp = 509, Ry = 2802 
| tPLH Bus to Receiver Out B L 
tPpHL Cg = 50pF (Note 1), CL = 15pF 






Am26S10 
Enable Input to Bus 
Am26S11 
Note 1. Includes probe and jig capacitance. 





TRUTH TABLES 
Am26S10 Am26S$11 


Inputs Outputs Outputs 


= HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
Y = Voltage Level of Bus (Assumes Control by 
Another Bus Transceiver) 


Am26S10/Am26S11 SCHEMATIC DIAGRAM 


TO OTHER 
THREE DRIVERS 


Vee =Pin16 
GND, =Pin1 
GND = Pin8 


—<—<——=— Connect for AM26810 
Remove Ry, Q4, Dy for AmM26S10 


LIC-374 





Am26S10 « Am26S11 


TYPICAL PERFORMANCE CURVES 


Typical Bus Output Low Voltage Receiver Threshold Variation 
Versus Ambient Temperature Versus Ambient Temperature 


1.0 
Vec = +5.0V 
0.8 
| Igus = 100mA 


0.6 
IBus = 70mA 


2.5 
2.4 


2.3 


2.2 

24 aus A 

sth et 
: fe aie Pee 
0 

55-35-15 5 25 45 65 85 105 125 55-35-15 § 25 45 65 85 105 125 


Ta — AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE — °C 
LIC-375 LIC-376 





0.4 















































VoL — BUS OUTPUT VOLTAGE — VOLTS 
V+ — RECEIVER THRESHOLD VOLTAGE — VOLTS 


TYPICAL APPLICATION 


ADDRESS 
STROBE 


INPUTS INPUTS INPUTS 





Yo ty Ia 13 'o My 12 I3 lo ty !2 13 'o ty l2 13 
Zo 20 20 20 | 


2 RECEIVER 21 RECEIVER ra] RECEIVER 21 RECEIVER 
Am26S10 OUTPUTS Am26S10 OUTPUTS Am26S11 OUTPUTS Am26S11 Z2 OUTPUTS 


23 


1002 PARTY-LINE OPERATION. 
LIC-377 


Am26S10 Am26811 


Vec 
16 




















DIE SIZE 0.059" X 0.075" DIE SIZE 0.059” X 0.075” 
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Am26S10 » Am26S11 


SWITCHING CHARACTERISTICS 


TEST CIRCUIT 


Am26S11 
ONLY 
PULSE 


GENERATOR 
NO. 1 
Cy 
15pFE 
(Note 1) (Note 1) ALL DIODES 
1N916 OR 
EQUIVALENT 


PULSE 
GENERATOR 
NO. 2 


Note 1. Includes Probe and Jig Capacitance. 


WAVEFORMS 


Am26S11 
UINPUT 


Am26S10 
1 INPUT 


E INPUT 


BTEST POINT 


Z TEST POINT 
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Am26S12:Am26S12A 


Quad Bus Transceiver 


Distinctive Characteristics 
@ Quad high-speed bus transceivers 
@ Driver outputs can sink 100mA at 0.7 V typically 





@ 100% reliability assurance testing in compliance with 
MIL-STD-883 
@ Choice of receiver hysteresis characteristics 


FUNCTIONAL DESCRIPTION 


The Am26S12 @ Am26S12A are high-speed quad Bus Transceivers con- 
sisting of four high-speed bus drivers with open-collector outputs 
capable of sinking 100mA at 0.7 volts and four high-speed bus receivers. 
Each driver output is brought out and also connected internally to the 
high-speed bus receiver. The receiver has an input hysteresis charac- 
teristic and a TTL output capable of driving ten TTL Loads. 


An active LOW, two-input AND gate controls the four drivers so that 
outputs of different device drivers can be connected together for party- 
line operation. The enable inputs can be conveniently driven by active 
LOW decoders such as the Am54S/74S139. 

The high-drive capability in the LOW state allows party-line operation 
with a line impedance as low 4s 1009. The line can be terminated at 
both ends, and still give considerable noise margin at the receiver. The 


hysteresis characteristic of the Amm26S12 receiver is chosen so that the 
receiver output switches to a HIGH logic level when the receiver input 
is at a HIGH logic level and moves to 1.4 volts typically, and switches 
to a LOW logic level when the receiver input is at a LOW logic level and 
moves to 2.0 volts typically. This hysteresis characteristic makes the 
receiver very insensitive to noise on the bus. 

The Am26S12A is functionally identical to the Am26S12 but has a 
different hysteresis characteristic so that the output switches with the 
input being typically at 1.2 volts or 2.25 volts. In both devices 
the threshold margin, the difference between the switching points, is 
greater than 0.4 volts. 


LOGIC DIAGRAM/SYMBOL 


LIC-380 


Package 
Type 


Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Flat Pak 
Dice 


ORDERING INFORMATION 


Temperature 
Range 


0°C to +78°C 


0°C to +78°C 
O°C to +75°C 


Am26S12 
Order 
Number 


AM26S12PC 
AM26S12DC 
AM26S12XC 


—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


AM26812DM 
AM26S12FM 
AM26S12XM 


Am26S12A 
Order 
Number 


AM26S12APC 

AM26S12ADC 
AM26S12AXC 
AM26S12ADM 
AM26S12AFM 
AM26S12AXM 


2 5 11°14 


O © 
E 


to ty ta Ig 


20 

Am26812 © Am26812A 24 
QUAD 2 

TRANSCEIVER . “2 
23 


Vec = PIN 16 
GND = Pin 8 


LIC-381 


CONNECTION DIAGRAM 
Top View 


23 BD 


7 8 
Py 
E GND 


Note: Pin 1 is marked for orientation. LiC-382 
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Am26S12/Am26S12A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 














Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16°to Pin 8) Continuous —0.5V to+7V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcec max. 
DC Input Voltage —0.5V to +5.5V 
Output Current, Into Outputs (BUS) 200mMA 
Output Current, Into Outputs (Receiver) 30mA 


DC Input Current —30mA to +5.0mA 





ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 


Am26S12XC-Am26S12AXC =—§-— Ty = O'C to +75°C Voc = 5.0V +5% (COM Range) 
Am26S12XM-Am26S12AXM Tp, = —55°C to +125°C Voc = 5.0V £10% (MIL Range) Note 1 
Parameters Description Test Conditions Min. Typ.(Note 2) Max. Units 


Power Supply Current Vec = MAX. 





Vec = MAX. or OV; 


k 
Bus Leakage Current Veus = 4.0V; Driver in OFF State 





Driver Characteristics 





COM'L]| Io, = 100mA 



















VoL Output LOW Voltage 


(Note 1) 








VIN = Vin oF Vit [MIL 
IoL = 100mA 




















Input Clamp Voltage Vec = MIN., Ijyy = —18MA 











Input Current 
at Maximum Input Voltage Vec = MAX., Vj = 5.5V 


Unit Load 
Input HIGH Current veg Wren cc 








Unit Load 





















































Input LOW Current Vcc = MAX., Vj = 0.4V 
Receiver Characteristics 
Vec =MIN., lon = —800uA 
| VOH Output HIGH Voltage Vin = Viz. (Receiver) 2.4 Volts 
| Vec = MIN., lot = 20mA 
VOL Output LOW Voltage Vin = VIL (Receiver) . 0.4 0.5 Volts 
_ Am26S12 1.8 2.0 2.2 
VIH Input HIGH Level Threshold E=H Volts 
Am26S12A 2.05 2.25 2.45 
= Am26S12 1.2 1.4 1.6 
VIL Input LOW Level Threshold E=H , — 4 Volts 
Am26S12A 1.0 1.2 1.4 
VT™™ Input Threshold Margin E=H 0.4 | Volts 
los Output Short Circuit Current Vec = MAX., Vout = 0.0V —20 —55 mA 








Notes: 1. For the Am26S12FM, Am26S12AFM the output current must be limited at GOmA or the maximum case temperature limited to 125°C for correct 
operation. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 


Switching Characteristics (Ta = 25°C, Vcc = 5.0V) 

Parameters Description Conditions Min. Typ. Max. Units 
Turn Off Delay Input to Bus CLp = 15pF, Rig = 1002 
Turn On Delay Input to Bus CLp = 300pF, Rig = 502 
Turn Off Delay Enable to Bus CLp= 15pF, Rp = 502 
Turn On Delay Enable to Bus Cig = 15pF, Ry pg = 502 
Turn Off Delay Bus to Output Cy = 15pF 















































Turn On Delay Bus to Output Ci = 15pF 
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Am26S12/Am26S12A 


SWITCHING CIRCUITS AND WAVEFORMS 


Frequency 5MHz 
ty = tf = 2ns Measured Between 
1V to 2V Levels. 


LIC-383 





Figure 1. Bus Propagation Delays 


LIC-385 





Figure 2. Receiver Propagation Delays 
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Am26S12/Am26S12A 


LIC-387 


Vo — OUTPUT VOLTAGE — VOLTS 


TRUTH TABLE 
Am26S12/26S12A 


Inputs Outputs Interfacing 


Digital Family 
Advanced Micro Devices 9300/2500 Series 





MSI INTERFACING RULES 
Equivalent 


Input Unit Load 
HIGH LOW 





FSC Series 9300 








TI Series 54/7400 
Signetics Series 8200 











National Series DM 75/85 


H = HIGH Voltage Level 
L = LOW Voltage Level 
.X = Don't Care 

Y = Voltage Level of Bus 


Table | 
PERFORMANCE CURVES 


Am26S12 Typical 
Receiver Input Characteristic 























VoQ-OUTPUT VOLTAGE-VOLTS 























16° 18. 20 22 
Vin—-INPUT VOLTAGE-—VOLTS 


Figure 3 


INPUT/OUTPUT CIRCUITRY 


eae 
1 INPUT O (| 





DTL Series 930 


Table I 


Am26S12A Typical 
Receiver Input Characteristic 


3.6 
3.2 





2.8 
2.4 








2.0 





1.6 
1.2 











0.8 
0.4 























12 14 16 18 20 
Vin-INPUT VOLTAGE ~VOLTS 


Figure 4 


LEVEL 
SHIFT 


© Z OUTPUT 


THRESHOLD 
CONTROL 


TO OTHER DRIVERS 


Figure 5 
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LIC-389 





Am26S12/Am26S12A 


Am26S12/26S12A APPLICATION 


ADDRESS 
STROBE 


Ao Ay 


1/2 Am54S/74S139 





GND GND GND GND 


OO INPUTS fe 4 INPUTS one) INPUTS O_O INPUTS 


lo ty l2 13 
Zo Zo Z0 
21 RECEIVER RECEIVER 2 RECEIVER 21 RECEIVER 
Am26S12/26S12A 7, OUTPUTS Am26S12/26S12A OUTPUTS Am26S12/26S12A 7, OUTPUTS Am26812/26812A 7, OUTPUTS 


23 23 


+5V 





1002 





1002 PARTY-LINE OPERATION. 


LIC-390 


Figure 6 


Metallization and Pad Layout 








DIE SIZE: 0.071” x 0.072” 
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Am2614 


Quad Single-Ended Line Driver 





Distinctive Characteristics 


@ Quad single-ended driver for multi-channel common ®@ Short-circuit protected outputs 

ground operation ® Capable of driving 50Q terminated transmission lines 
® Single 5V power supply @ 100% reliability assurance testing in compliance with 
@ DTL, TTL compatible MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC DIAGRAM 


The Am2614 is a DTL, TTL compatible line driver operating 
off a single 5V supply. The Am2614 is a quad inverting driver DRIVERS Ay, Ap 
with two separate inputs and one common-strobe input for 
each pair of drivers. The device has active pull-up outputs for 
high-speed and HIGH capacitance drive. The Am2614 is ideal 
for sinyle-ended transmission line driving, or as a high-speed, 
high-fan-out driver for semiconductor memory decoding, buf- 


. eae ‘ DRIVERS By, B 
fering, clock driving and general logic use. wee 


The Am2614 has short circuit protected active pull-ups, and 
incorporates: input clamp diodes to reduce the effect of line 
transients, and also is capable of driving 50Q terminated trans- 
mission lines. 


Voc = Pin 16 
GND = Pin8 LIC-391 


CIRCUIT DIAGRAM 


LIC-392 


ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 


Package Temperature Order 
Type Range Number 


Hermetic DIP -55°C to +125°C AM2614DM 
Flat Pak ~55°C to +125°C AM2614FM ourPuT AiL_J4 pI INPUT By 
Dice ~55°C to +125°C AM2614XM INPUT Az [—]5 12[_] OUTPUT By 
Hermetic DIP 0°C to +70°C AM2614DC input apt nif) neut e, 
Molded DIP 0°C to +70°C AM2614PC 
Dice 0°C to +70°C AM2614XC 


INPUT Ayf_}2 15}_j STROBE B 


INPUT A; []3 14f_] INPUT 8; 


OUTPUT Ay[~] 7 10f_) INPUT By 


8 
GNO | Ss so m_] OUTPUT 82 


Note: Pin 1 is marked for orientation. LIC-393 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Am2614 





Storage Temperature 


—65°C to + 150°C 





Temperature (Ambient) Under Bias 


~—55°C to +125°C 




















Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vto+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vcc¢ max 
DC Input Voltage —0.5 Vto +5.5 V 
Output Current, Into Outputs mA 
DC Input Current Note 1 
ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 
Am2614XM (MIL) Ta =—55°C to +125°C VcecMIN. = 4.50V VecMAX. = 5.50V 
Am2614XC (COM'L) Ta =O°Cto +70°C VoecMIN. = 4.75V VecMAX. = 5.25V 
DC Characteristics (Note 2) 
LIMITS 

Ta MIN. +25°C TAMAX. 

Parameters Description Test Conditions Min. Max. Min. Typ. Max. Min. Max. Units 


N 


tT yet | UT 


ow 
N 


4 ss Zl Ziee ce | ash es 
Ps w& wlwjololry i 


oO HIGH Vol ce 
tput t 
utpu oltage lou =—10mA 
MIL 
Output LOW Voltage Vee = MIN« 
loL =40mA COM'L 


2.4 


: 
‘ cepts ert 
I nput oltage = 
4 Ee COM'L 
V ane vi iia? 
nput oltage = 
IL cc COM'L 
Ve =0.4V, MIL 
If Input Load Current Vec = MAX 
Ve =0.45V, COM’L 


dS 
° * 


— Vec = MAX 
Short Circuit Current Vo = 0V 


Voc = MAX 
Inputs = OV 


: —2.4 
Vcc = MAX. 
Reverse Input Current 
VR =4.5V 
: Po oe 
Vcc = 7.0V, COM’L 


Vcex = 5.5V, MIL 
IcEx Reverse Output Current Vcc = MAX. 
CEX =5.25V,COM'L. 
Vv Vec = MAX., 
OLC Output Low Clamp Voltage loic = 40mA 
IC = — 


Power Supply Current 


Switching Characteristics (T, = 25°C unless otherwise specified) 
Am2614XM 
Min. 


Description Test Conditions 


Turn Off Delay 


Parameters 


Vec = 5.0V, CL =30pF, 
Vm = 1.5V, Refer to Fig. 92 


Turn On Delay 





Am2614XC 





Notes: 1. Maximum current defined by DC input voltage. 


2. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type or 


grade, 
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Am2614 


Io — OUTPUT CURRENT — mA 


log — SUPPLY CURRENT — mA 


PROPAGATION DELAY TIMES — ns 


TYPICAL ELECTRICAL CHARACTERISTICS 


Output Low Current Versus 
Output Low Voltage 



































0.2 03 04 05 O06 07 
Vo_ ~ OUTPUT VOLTAGE — VOLTS 


Supply Current Versus 
Supply Voltage 





























Vec — SUPPLY VOLTAGE — VOLTS 


Propagation Delay Time 
Versus Temperature 
































60 
Ta, — AMBIENT TEMPERATURE — °c 


Igy — OUTPUT CURRENT ~ mA 


log — SUPPLY CURRENT — mA 


Voyt — OUTPUT VOLTAGE — VOLTS 


Output High Current Versus 
Output High Voltage 























Voy — OUTPUT VOLTAGE — VOLTS 


Supply Current Versus 
Temperature 











60 100 = 140 
Ta — AMBIENT TEMPERATURE — °C 


Transfer Characteristics 
Versus Temperature 



































0 05 10 16 20 25 30 35 
Vin — INPUT VOLTAGE ~ VOLTS 
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Vout — OUTPUT VOLTAGE — VOLTS 


Ic¢ — SUPPLY CURRENT — mA 





Vout — OUTPUT VOLTAGE — VOLTS 





Logic Levels Versus 
Ambient Temperature 


a 
r | You @ lon = -10 mA 
i 


Voy into 502 



































140 
T, — AMBIENT TEMPERATURE — °C 


Supply Current Versus 
Operating Frequency 



























































05 1.0 2¢ 
f — FREQUENCY — MHz 


Transfer Characteristics 
Versus Supply Voltage 


























10 15 20 25 30 35 
— INPUT VOLTAGE — VOLTS 


LIC-394 





USER NOTES 


SINGLE ENDED LINES. The Am2614 quad line driver and 
the Am2615 dual differential amplifier allow data to be trans- 
mitted with only a single data wire per channel and a common 
ground for typically 8 data wires. This single-ended mode of 
interconnection offers considerable savings in integrated cir- 
cuit packages required and effectively halves the number of- 
interconnections as compared to a balanced differential system. 
The method still gives +15V common mode rejection and DC 
noise margin of interconnected TTL logic. The common ground 
wire should be twisted in with the data wires so that any 
injected noise is common to all wires. If a multiwire cable 
with screen is used one of the wires is used as the common 
ground line, and the screen is tied to ground at the driving 
end only. 


MATCHING. Transmission lines can be matched in a number 
of ways. The most widely used method is to terminate the 
line at the receiving end in its characteristic impedance. This 
impedance is connected across the input terminals of the 
receiver. A 1302 resistor is included at the + input of each 
receiver for matching twisted pairs and this resistor, or if 
the characteristic impedance is not 130Q, a discrete resistor is 
connected between the two receiver inputs. This method of 


Am2614 


matching causes a DC component in the signal. Power is dis- 
sipated in the resistor and the signal is attenuated. The DC 
component can be effectively removed by connecting a large 
capacitor in series with the terminating resistor. 


The transmission line can also be terminated through the 
receiver power supply by placing equal value resistors from 
the + input of the receiver to Vac and from the — input to 
ground. This method again has the disadvantage that a DC 
signal component exists, attenuation occurs, and power is . 
dissipated in the terminating resistors but it does allow multi- 
plexed operation in the balanced differential mode. 


An alternate method of matching at the receiver is to back 
match at the driver. A resistor is placed in series with the line 
so that the signal from the driver which is reflected at the 
high input impedance of the receiver is absorbed at the driver. 
This method does not have a DC component and therefore no 
attenuation occurs and power is not dissipated in the resistor. 
For balanced differential driving a resistor is required in series 
with each fine. The table below shows the value of each 
matching resistor required for lines of different characteristic 
impedance. 


TYPICAL DC CHARACTERISTICS 
FOR MATCHING TO TRANSMISSION LINE 


c= 5.0V 
ve Bosse “LOW STATE 
AX OUTPUT DEVICE 


ae a laa 


Igyt — OUTPUT CURRENT ~ mA 




















| 6 8 10 


LIC-395 Vout — OUTPUT VOLTAGE — VOLTS 


BACK MATCHING TABLE 


SINGLE ENDED 


LOADING RULES 


Input/Output —— Pin No.’s 


Input 
Unit Load 


Fanout 
Output Output 
HIGH LOW 





Strobe A 


— 


3 — 





Input A, 


1.5 —_— 





InputA, 


1.5 = 





Output A, 





Input A, 


1.5 





Input A, 


1.5 





Output A, 





GND 





OO; OI N)| ©) a] &] W] MY 


Output B, 





= 
o 


Input B, 


1.5 





a 
—_ 


Input B, 


15 





_ 
np 


Output B, 





- 
w 


Input B, 


1.5 





o 
b 


Input B, 


1.5 





Strobe B 


= 
192] 


3 





4 
o 


Vec 
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Am2614 


APPLICATIONS 


Single-Ended Back-Matched Operation 
With Common Ground 


1/2 Am2614 Am2615 


piananetiey 
> 


LIC-396 


SWITCHING CIRCUITS AND WAVEFORMS 


INPUT PULSE 


LIC-397 INPUT PULSE LIC-398 
Frequency = 500 kHz 
Amplitude = 3.0 £0.1 V 
Pulse Width = 110 +10 ns 
t.=t, <5.0ns 


Figure 1. 
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Am2615/9615 


Dual Differential Line Receivers 





Distinctive Characteristics: 
e Frequency response control, strobe, and internal ter- 


e Dual differential receiver (Am9615) pin-for-pin _ minating resistor 

~ equivalent to the Fairchild 9615 © Am2615 has fail safe capability 

= ual ditterentialiiceeworonsinglezended data e Choice of uncommitted collector or active pull-up 
(Am261 5) outputs 

° Single 5-volt supply ¢ 100% reliability assurance testing in compliance with 

e High common-mode voltage range (+15 volts) MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC DIAGRAM 


The Am2615 and Am9615 are dual differential line receivers 

designed to receive digital data from transmission lines and 

Operate over the military and industrial temperature ranges 

using a single 5 volt supply. The Am2615 can receive 3 volt iM 
15 


6 3 2 

single ended and the Am9615 +500 mV differential data in 
the presence of high level (+15 V) common mode voltages jan 
and deliver undisturbed logic levels to the following DTL 
or TTL circuitry. The response time of each receiver and 5 
thereby immunity to AC noise can be controlled by an ex- 
ternal capacitor. A strobe is provided for each receiver to- 
gether with a 1302 input terminating resistor. Each output has 
an uncommitted collector with an active pull-up network avail- 
able on an adjacent pin. 

The Am2615 is identical to the Am9615 except for the 7 4 1 
input offset (threshold) voltage. The Am2615 has an input 
threshold of ~1.5V compatible with DTL & TTL logic. The LIC-399 
Am9615 has an input threshold of ~0V. The Am2615 can V.. = PIN 16 
directly replace the Am9615 and give fail safe protection in GND = PIN8 
differential systems where the Input difference is >2.0 V. 





CIRCUIT DIAGRAM 


Goss iis, eee aos 


ee S 


Am2615 ONLY LIC-400 


ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 
Part Package Temperature Order 
Number Type Range Number 
Hermetic DIP —55°C to +125°C AM2615DM ACTIVE PULL-UP AL} 2 15[_] OUTPUT B 
Flat Pak —55°C to +125°C AM2615FM 
amoe16 Dice 55°C to +125°C AM2615XM STROBE AL_]3 14f J ACTIVE PULL-UP B 
Hermetic DIP 0°C to +75°C AM2615DC RESPONSE CONTROL A[—]4 
Molded DIP 0°C to +75°C AM2615PC 
Dice 0°C to +75°C AM2615XC + INPUT A [C]5 12]__] RESPONSE CONTROL B 


Hermetic DIP —55°C to +125°C 9615DM 

Flat Pak —55°C to +125°C 9615FM 

Am9615 Dice —55°C to +125°C AM9615XM -inpuT AL] 7 10} 1300 B 
Hermetic DIP O°C to +75°C 9615DC 
Molded DIP 0°C to +75°C 9615PC 


Dice °C to +75° ; 
OG tars G AM9615XC NOTE: PIN 1 is marked for orientation. LiC-401 


13{_ | STROBE B 


11[_] +inpuT B 
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Am2615/9615 
MAXIMUM RATINGS 


(Above which the useful life may be impaired) 








Storage Temperature 





—65°C to +150°C 
































Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vto+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +13.2 V 
DC Strobe Input Voltage —0.5V to +5.5V 
DC Data Input Voltage —20V to+ 20V 
Output Current, Into Outputs 30 mA 





DC Input Current 


maximum current is defined by DC Input Voltage 





Am2615 ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 




































Am2615XM Voc = 4.5V to 5.5V Tp =—-55°C to +125°C (MIL grade) 
Am2615XC Veco =4.75V to5.25V Ty =0°C to +75°C (COM'L grade) 
LIMITS 
T, = Min T, = 25°C T, = Max 
Parameters Description Test Conditions Min Max Min Typ Max Min Max Units 
Veco = MIN, Ilo4 = —5.0 mA 
Vv Output HIGH Voltage ce 7 'OH 2.4 24 3.2 2.4 Volts 
oH e Ving = +0.8V, Viy_ = OV 
Vec = MAX MIL grade 0.40 18 0.40 0.40 
Vor Output LOW Voltage loy = 15.0 mA Volts 
Ving = +2.0V, Vin. = OV COM'L grade 0.45 25 60.45 0.45 
+——— = {a= 2 1. 
Vec = MIN Very = 12V_ | MIL grade 
leex Output Leakage Current Ving =OV 100 100 200 | pA 
Vin = 4.5V Very = 5.25 V) COM’L grade 
Voc = MAX 
= = = ma S Pe fe 
Isc Output Short Circuit V3.0 ioral WS Ee le Gee eee ee 
mA 
Current Ving = +0.8 V 
Vv. =0V COM'L grade} —14 —100|/—14 —39 —100|}—14 —100 
IN— = 
ee ee 
hy Input Load Current Voc = MAX ~0.9 —0.49 —0.7 —0.7| mA 
Vin = Vor max: Other input = Voc 
Hist) Strobe Input Low Voc = MAX Ving = +2.0V —2.4 
Current Vsp = Vop MAX Vin = OV 







































Hic) Response Control Input Voc = MAX Ving = +2.0V 
Load Current i Vec = Vo, MAX Viy_ =OV 
Vom Common Mode Voltage Veo = 5.0V Ving - Vin, = 0.4 0r2.4V —15 415 }-15 417.5 +15 +15 
Voc = MIN Site 
grade 2.0 5.0 
Vest) ss ee HIGH vst = 45 ie . uA 
urren IN¢ = +0. 
= COM'’L grade 5.0 10.0 
Vin_ =OV | 
Vec = 5.0 V MIL grade 77° 130 167 
Rin Input Resistor Ving =OV 2 
Vacs = 1.0 V COM'L grade 74. AB0% 179 
Vou Differential Input Vv 
=0V 8 +2. ; . 2. ; 2.0} V 
Threshold Voltage aM pO PEO TOS: ee ee Oe ar 
| Voc = MAX MIL grade 50 28.7 50 50 
loc Power Supply Current Ving = +2.0V mA 












Switching Characteristics (1, = 25°c) 
Parameters 





Turn Off Delay 


R, = 3.9 ka 





_ Turn On Delay 


R, = 390 2 


Test Conditions Min 


Veco = 5.0 V, C, = 30 pF 





COM'L grade 





50 


Am2615XM 


Typ 


Max 





28.7 





Min 





50 50 











Am2615XC 


Typ Max Units 





Refer to figure 4 





Turn Off Delay 


Strobe to Output 


R, =3.9k9, C, = 30 pF 








_ Turn On Delay 


Strobe to Output 


R, = 390 2 
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Am9615 ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 


Am2615/9615 







































































































Am9615XM = Vee = 4.5V to 5.5V Ta = —55°C to +125°C = (MIL grade) 
Am9615XC Vec = 4.75V to5.25V Ty =0°C to +75°C (COM'L grade) 
LIMITS 
T, = Min T, = 25°C T, = Max 
Parameters Description Test Conditions Min Max Min Typ Max Min Max _ Units 
Veco = MIN, Io = —5.0 mA 
V Output HIGH Voltage ce ’ OH 2.4 2.4 3.2 2.4 Volts 
as 9 Ving = —O.5V, Vin  =OV 
Veco = MAX MIL grade 0.40 18 0.40 0.40 
Vor Output LOW Voltage lon = 15.0 mA Volts 
Ving = +0.5V, Viv. =0 COM'L grade 0.45 25 0.45 0.45 
= Voc = MIN Very = 12 V MIL grade 
lee Output Leakage Current Ving =0 100 100 200) pA 
Vin_ = Vee Veex = 5.25 V| COM'’L grade 
Veo = MAX MIL grade | —15 —80|—15 ~—39 —80)—15 —80 
Isc is sti Circuit your =0 : mn a mA 
rren = —-0. 
i vi cov COM'L grade | —14 —100/ -14 —39 —100| —14 —100 
IN-— ~ 
hi Input Load Current Veg = MAX —0.9 —0.49 —0.7 —0.7| mA 
Vin = Vor max» Other input = Veg 
Hust) Strobe Input Low Veco = MAX Vin, = +0.5 V 24 1.15 —2.4 —2.4| mA 
Current Vst = Vor max Vine =OV 
lircy Response Control! Input Voc = MAX Ving = +0.5.V 1.2 —3.4 mA 
Load Current Vee = Vor max Vine =OV 
Vom Common Mode Voltage Voc = 5.0 V Ving 7 Vine = #2.0 V —15 +15) —15 +17.5 +15)—15 +15] V 
|) Veg = MIN iWiktarad 2.0 5.0 
luigi Strobe Input HIGH Voy = 4.5 V See | | oh 
Current Ving =—0.5V COM'L grade 5.0 10.0 
Vin_ = 0 V 
ooeenet ae 
Voc = 5.0 V MIL grade 77 130 167 
Rw Input Resistor Ving = OV Q 
Veeg = 1.0 V COM'L grade 74 130 179 
VrH Differential Input Veoov ~0.5 +0.5| —0.5 +£0.02 +0.5|—-0.5 +0.5| V 
Threshold Voltage pid 
Veco = MAX MIL grade A 
I Power Supply Current Ving = +0.5 V m 
iid Vins = OV COM'L grade 50 28.7 50 





























Switching Characteristics (1, = 25°c) 


Parameters 


Am9615XC 
Typ 


Am9615XM 


Test Conditions Min Typ Max Min Max Units 


Refer to figure 4 


toa, Turn Off Delay R, = 3.9 ko 
R, = 3902 
Strobe to Output 


Strobe to Output 











tea Turn On Delay 








tay Turn Off Delay R, = 3.9 kQ, C, = 30 pF 


R, = 3902 











tia Turn On Delay 
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Am2615/9615 


Vout — OUTPUT VOLTAGE — VOLTS Vor — OUTPUT LOW VOLTAGE — mV 


ly — INPUT CURRENT — mA 


Output Low Voltage 
Versus 
Output Low Current 


ee > 
cre él 


se awe = §.5V 
/ “6 
anna 


20 
- ce LOW Secs mA 





Strobe Input-Output 
Transfer Characteristic 
Versus Vo, 











Vin — STROBE INPUT VOLTAGE — VOLTS 


Input Current Versus 
Input Voltage 














~25-20-15-10 -5 0 5 10 15 20 25 
Vin — INPUT VOLTAGE — VOLTS 


VoL — OUTPUT VOLTAGE — VOLTS 


D. C. CHARACTERISTICS 


Von — OUTPUT HIGH VOLTAGE — VOLTS 


Output High Voltage 
Versus 
Output High Current 


EERSRES 








NIN 
a eS 


-20 = =-30 ~40 -50 
ee — OUTPUT HIGH CURRENT — mA 


Strobe Input-Output 
Transfer Characteristic 
Versus Ambient Temperature 











4 


Vin — STROBE INPUT VOLTAGE — VOLTS 


log — POWER SUPPLY CURRENT — mA 


tpd — SWITCHING TIME — ns 


Power Supply Current 
Versus 
Power Supply Voltage 











7 
c — POWER SUPPLY VOLTAGE — VOLTS 


Switching Time 
Versus 
Ambient Temperature 





0 
-60-40-20 0 20 40 60 80 100 120140 
Ty — AMBIENT TEMPERATURE -°C 
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log — POWER SUPPLY CURRENT — mA 


Vout — OUTPUT VOLTAGE — VOLTS 


Vout - OUTPUT VOLTAGE ~— VOLTS 


Output Voltage Versus 
Ambient Temperature 





Voc = 4.5V 
Igy = -5.0 mA 
VDIFF = 0.5V 








0 BReeeeeeay 
~60-40-20 0 20 40 60 80100120 140 
Ty, — AMBIENT TEMPERATURE — °C 








Output Voltage Versus Common 
Mode Voltage (Am9615) 








A 

















i) 
-25-20-15-10-5 0 5 10 15 20 25 
VcM— COMMON MODE VOLTAGE — VOLTS 


Power Supply Current 
Versus 
Ambient Temperature 


Ta 


aRRee 
REP ee BL i 





-INPUT =O 

















0 
-60 -40-20 QO 20 40 60 80 100120 140 
Ty — AMBIENT TEMPERATURE -°Cc 
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Am2615/9615 
THRESHOLD CHARACTERISTICS 


Am2615 Am9615 
Input-Output Transfer Input-Output Transfer Input-Output Transfer Input-Output Transfer 
Characteristic Characteristic Characteristic Characteristic 
Versus Voc Versus Temperature Versus Voc Versus Temperature 






































VouT — OUTPUT VOLTAGE — VOLTS 
Vout — OUTPUT VOLTAGE — VOLTS 








Vout — OUTPUT VOLTAGE — VOLTS 
Vout — OUTPUT VOLTAGE - VOLTS 





























ie) 0 
-0.05 0.00 0.05 0.10 0.15 -0.4 -0.2 0 0.2 0.4 
Vin — INPUT VOLTAGE — VOLTS Vin — INPUT VOLTAGE — VOLTS Vin — INPUT VOLTAGE - VOLTS Vin — INPUT VOLTAGE — VOLTS 
LIC-403 


SWITCHING TIME TEST CIRCUIT & WAVEFORMS 


(PIN 4 OR 12) 
CAPACITANCE 
<5 pF 


Voc ———— $< +3.0V 
y= ae 0.0V 
A Vin* -3.0V 
: Vin’ +3.0V 
—: ae Se — — — = Gov 
Vout \ /, 
-3.0V 
tpd- tpdt+ 
Cc — = 
i) L ee ee ee 
—_— —_ — ——— — — —_ 15V 


(PIN 3 OR 13) > “USE Vin OR Vin, 


GROUND OTHER INPUT. | 





Figure 4 
LIC-404 g LIC-405 


FREQUENCY RESPONSE CONTROL Am2615/9615 LOADING RULES 


Input Fanout 
Pin Unit Output Output 


Input/Output No.’s Load HIGH LOW 
= “E> A ae eee IO 
Active Pull-Up — 83 a 
RESPONSE YR Response Control — — plete 


CONTROL PIN 
(PIN 4 OR 12) Strobe 1.5 — 
+ In 0.5 


130 2 











LIC-406 





Receiver A 





0.5 





Frequency Response 
Versus Capacitance 





CON!) OO] a!) AR!) oO] Ny] = 











Serpe 0.5 





Ta = 25°C 
mii 130 2 = 


+ In 0.5 
Response Control — 
Strobe 1.5 
Loe Active Pull-Up 
Ht 























ctf 





| 


























Receiver B 











i 











CUTOFF FREQUENCY — Hz 













































































01 0.1 1.0 


Vv 
LIC-407 CAPACITANCE — uF SS 
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Am2615/9615 


Am2615 STANDARD USAGE 


Single-Ended-Back Matched Operation 
With Common Ground 


Ye Am2614 Am2615 


LIC-408 


Am9615 STANDARD USAGE 
Differential Operation 
Y Am9614 14 Am9615 


INPUT STROBE 
LIC-409 


Photograph of an Am9615 Vertical = 2.0 V/Div. Horizontal = 50 ns/Div. 


switching differential data in 
the presence of high common 
mode noise. 


OUTPUT -A 


LIC-410 


OUTPUT A 1 15 OUTPUT B 





14 ACTIVE 
PULL-UP A PULL-UP B 
= 


STROBE A 3—- 13 STROBE B 


RESPONSE 4—+ 12 RESPONSE 
CONTROL A ic 3) CONTROL B 


+ INPUT A 5 —— 11 +INPUT B 





1302 A 6 10 13022 B 
—INPUT A 7 8 9 —INPUTB 
GND 





53 X 58 Mils 
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Am2616 


Quad MIL-188C and RS-232C Line Driver 


Distinctive Characteristics 
® Conforms to EIA RS-232C, CCITT V.24 and 


MIL-188C specifications 


@ Short circuit protected output 
@ Internal slew rate limiting 


FUNCTIONAL DESCRIPTION 


The Am2616 is a quad line driver specifically designed to meet the 
EIA RS-232C, CCITT V.24 and MIL-188C interface requirements. 
Each driver accepts DTL/TTL logic levels and converts them to the 
requisite levels for data transmission between equipment. The output 
slew rate of each driver is internally limited, but can be lowered 
by an external capacitor. All outputs are short circuit protected, and 
protected against fault conditions specified in RS-232C. A HIGH 
logic level on the inhibit input forces the driver output to VoL or 
mark state. For 188C interface the output impedance is guaranteed 
to be less than 100 ohms and the positive and negative output 
voltage amplitudes are guaranteed to be within 10 percent of 
each other. 


3(6}(11)(14) 
INHIBIT © 


1(5)(12)(15) 
INPUT 10 


ORDERING INFORMATION 


Package Temperature 
Type Range 
Hermetic DIP O°C to +75°C 
Molded DIP O°C to +75°C 
Dice 0°C to +75°C 
Hermetic DIP —55°C to +125°C 
Flat Pack —55°C to +125°C 
Dice —55°C to +125°C 


CIRCUIT DIAGRAM 
(One Driver Shown) 


Order 
Number 


AM2616DC 
AM2616PC 

AM2616XC 
AM2616DM 
AM2616FM 
AM2616XM 


® Supply independent output swing 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883 
@ TTL/DTL compatible input 


LIC-411 
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LOGIC SYMBOL 


INPUT A, .! 


4 
= 4 j Yo—— ouTPuTA 
INPUT Ap 2 
INHIBITA 
5 7 
INPUT B OUTPUT B 
INHIBIT B -© 
12 i 
INPUT C O—— OUTPUT C 
11 
INHIBIT C 
15 a 
INPUT D o—— OUTPUT D 
14 
INHIBIT D 





Vege =Ping 
Vcc = Pin 16 
GND = Pin8 





TO OTHER 
CIRCUITS 


4(7)(10)(13) 
0 OUT 


TO OTHER 
CIRCUITS 


LIC-412 


CONNECTION DIAGRAM 
Top View 





INPUT A2[_] 2 15[__JINPUT D 


INHIBIT AL] 3 147__JINHtBIT D 


OuTPUT A[-] 4 131] OUTPUT D 


Am2616 


INPUT B[_15 12[__] INPUT C 


INHIBIT BE} 6 11[_]INHIBIT Cc 


OUTPUT BE] 7 10[ JOUTPUT Cc 


Note: Pin 1 is marked for orientation. LIC-413 


Am2616 


MAXIMUM RATINGS (Above which the useful life may be impaired) ; 
Storage Temperature -65°C to +150°C 











Temperature (Ambient) Under Bias -  =65°C to +125°C 
Supply Voltage to Ground Potential 
Vec +15V 
VEE -15V 
DC Voltage Applied to Outputs +15 V 
DC Input Voltage -1.5V to t6V 
Lead Temperature (Soldering, 30 sec.) 300°C 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
(COM'L) Ta = 0°C to +75°C 


Vv =+12V+10%, V =—12 V + 10%, Ry = 3 kQ unless otherwise noted 
(MIL) Ta =—55°C to +125°C =“ FS a ve Ee 


Typ. 
Parameters Description Test Conditions Min. (Note1) Max. Units 


Output HIGH Voltage (Note 2) 
Output LOW Voltage (Note 2) ° VIN, = VINg = VINHiBit = 2.0 V | -70 | -60 | -50 | vons | 
Input HIGH Level Guaranteed input logical HIGH voltage | 20 f || Volts | 
Input LOW Level Guaranteed input logical LOW voltage | 08 | Vols | 
Input LOW Current Vin, = Ving =0.4V or Vinuieir = 0.4 V | | tz | -16 | ma | 
Pun | Input HIGH Current Ving = Ving = 2-4V or Vinuipit = 2.4V a ao 
mA 


; Output Short Circuit Current (Positive) Ry = 00 -17 -30 
(Note 3) Vin, Of Ving = VinHisit = 0.8V 


sc 
Ise Output Short Circuit Current (Negative) R_=02 +10 +17 +30 mA 
(Note 3) Ving OF Ving = VinHiBit = 2.0V 
lee Vin, = Ving = VinuiBit = 0.8V 
Vv =V =V =0.8V —2 
Total Negative Supply Current NY IND EE a ae mA 


Notes: 1. Typical values are at Vcc = 12 V, Veg = —12 V, Ta = 25°C. 
2. Von and Vo_ are guaranteed to be equal within +10 percent of each other for MIL-188C operation. (i.e., Voy = 6.0V then Vo, = —6.0V +0.6V). 
3. The Isc and Ise minimum limits guarantee the output impedance to be less than 100 ohms. 

























Vin, = VINg = VINHIBIT = 0.8 V 



















































Total! Positive Supply Current 















Switching Characteristics (Ta = 25°C, Vcc = +12.0V, VEE = -12.0 V) 
Parameters Description Test Conditions Min. Typ. Max. Units 


t Delay from Input LOW to Output HIGH , 
PLH if e . C. = 15pF, RL == 
tPHL Delay from Input HIGH to Output LOW 


| dV/dt (+) Positive Slew Rate 
OpF <C, < 2500pF, Ry > 3k2 
dV/dt(—) Negative Slew Rate 
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Am2616 


TYPICAL CHARACTERISTICS 


Transfer Characteristics 








WwW 





! 
2) 


| 
© 





Vo — OUTPUT VOLTAGE — VOLTS 





























! 
= 
Nn 


O 0.2 0.40.6 0.8 1.0 1.21.4 1.6 1.8 2.0 
Vin — INPUT VOLTAGE — VOLTS 


Short-Circuit Output Current 
versus Temperature 



































75 125 
Ta. — AMBIENT TEMPERATURE — °C 


Isc — SHORT CIRCUIT OUTPUT CURRENT — mA 


DEFINITION OF TERMS 


FUNCTIONAL TERMS 


RS-232C A specification of the Electronic Industries Association 
that defines the electrical characteristics of data signals trans- 
mitted between two pieces of digital equipment. 

R, Load resistance. The DC resistance between the driver output 
and ground. 
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Output Slew Rate 
versus Load Capacitance 



































SLEW RATE — VOLTS/us 





















































100 1000 10,000 
Ci — CAPACITANCE — pF 


Maximum Operating Temperature 
versus Power-Supply Voltage 


16 
eo Ee ee 


a. HERMETIC DIP 

b. FLAT PACK 100 FT/MIN. 
AIR FLOW 

c. FLAT PACK 
AND MOLDED DIP 
STILL AIR 





0 
—55-35-15 5 25 45 65 85 105 125 
Ty — AMBIENT TEMPERATURE — °C 


IVccl = IVegl — POWER SUPPLY VOLTAGE — VOLTS 


LIC-414 


MIL-188C A Military specification that defines the electrical 
interface and characteristics of data signals transmitted between 
two pieces of digital equipment. 

CCITT V.24 A European specification similar to the MIL-188C 
and RS-232 specifications. 





Am2616 


SWITCHING TEST CIRCUIT & VOLTAGE WAVEFORMS 


INPUT 1 
OUTPUT 


INPUT 2 


INHIBIT 


LIC-415 
Note: Omit Vij2 for channels B, C and D. 


ov 
OUTPUT 


LIC-416 


Pulse Generator Rise Time = 10 + 5Sns. 


Metallization and Pad Layout 


INPUT Ay Vec 
INPUT Ag INPUT D 





INHIBIT A a INHIBIT D 


OUTPUT A = OUTPUT D 
INPUTB 5 ; INPUT C 





INHIBIT B INHIBIT C 





OUTPUT B OUTPUT C 
DIE SIZE 


ie Vee 0.069” X 0.103” 
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Am2617 


Quad RS-232C Line Receiver 





Distinctive Characteristics @ Guaranteed input thresholds over full military tem- 
perature range 

@ Full military temperature range @ 100% reliability assurance testing in compliance with 

@ Compatible with EIA specification RS-232C MIL-STD-883 

@ Input signal range + 30 volts ® Includes response control input and built-in hysterisis 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 
The Am2617 is a quad line receiver whose electrical characteristics 

conform to EIA specification RS-232C. Each receiver has a single 

data input that can accept signal swings of up to +30V. The output 

of each receiver is TTL/DTL compatible, and includes a 2kQ resistor 

pull-up to Vcc. An internal feedback resistor causes the input to 

exhibit hysterisis so that AC noise immunity is maintained at a high 

level even near the switching thresholds. For example, at 25°C when 

a receiver is in a LOW state on the output, the input may drop as 

LOW as 1.25 volts without affecting the output. The device is 

guaranteed to switch to the HIGH state when the input voltage is 

below 0.75V. Once the output has switched to the HIGH state, the 

input may rise to 1.75V without causing a change in the output. The 

Am2617 is guaranteed to switch to a LOW output when its input 

reaches 2.25V. Because of this hystenisis in switching thresholds, 

the device can receive signals with superimposed noise or with slow 

rise and fall times without generating oscillations on the output. The 

threshold levels may be offset by a constant voltage by applying a 

DC bias to-the response control input. A capacitor added to the 

response control input will reduce the frequency response of the 

receiver for applications in the presence of high frequency noise v =Pini 

. ° * . . cc = Pin 4 

spikes. The companion line driver is the Am2616. GND = Pin7 





LIC-417 


CIRCUIT DIAGRAM 
(One Receiver) 


RESPONSE 
CONTROL 


LIC-418 


ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 


Temperature Order 

Range Number 
Molded DIP 0°C to +75°C AM2617PC 
Hermetic DIP 0°C to +75°C AM2617DC 
Dice O°C to +75°C AM2617XC 
Hermetic DIP —55°C to+125°C AM2617DM 
Hermetic FlatPack —55°Cto+125°C AM2617FM 
Dice —55°C to+125°C AM2617XM 


Note: Pin 1 is marked for orientation. HG419 
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Am2617 
MAXIMUM RATINGS (Above which the useful life may be impaired) 




















Storage Temperature —65°C to +175°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 14 to Pin 7) Continuous —0.5 Vto +10 V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vec max. 
Input Signal Range —30 V to +30 V 
Output Current, Into Outputs 30 mA 
DC Input Current Defined by Input Voltage Limits 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Ta =O0°Cto+75°C Vec = 5.0V + 5% ; 
° ° Response control pin open. 
Ta = —55°C to +125°C Vec = 5.0V + 10% 
Ar 7 Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 







v Output HIGH Voltage 10H = —0.5 mA, Vin = 0.4 V or open | 24 | 40006 df 
Vv Output LOW Voltage lot = 10 mA, Vin =3.0 V [| 
1 =0, 


z 2.4 
lit Input LOW Current P vin=-30V00C*dS:C 0-8 
Vin=—25V 
Vine FOV a a a 
iG inpurHiGH Guirent | Vin 330V Oe eF 
Output Short Circuit Current VIN = 0.0 V, Vout = 0.0 V lie ae =| 2.5 38 
Power Supply Current Vcc = MAX, 20 26 


Note 1. Typical Limits are at Vcc = 5.0 V, 25°C ambient and maximum loading. 












Threshold Characteristics (Note 2) 


Typ. 
Parameters Description Test Conditions Ta Min. (Note 1) Max. Units 








Positive-Going Threshold Voltage VoL = 0.45V, Vcc = 5.0V Volts 
















0.85 1.65 
0.75 


25°C 1.25 Volts 
75°C 0.60 1.10 

| zc [| oso | | os | 

Notes: 1. Typical Limits are at Vec = 5.0V, 25°C ambient and maximum loading. 


2. The input threshold margin for the device is greater than the voltage computed as the V74,—Vr7_ value. For the minimum value see the input 
threshold margin versus temperature graph. 













Negative-Going Threshold Voltage VOH = 2.5V, Vcc = 5.0V 























Switching Characteristics (Ta = 25°C, response control pin open, CL. = 15 pF) 
Parameters Description Test Conditions Min. Typ. Max. Units 


Output Rise Time (10% to 90%) Ry =3.9 k2 


Output Fal! Time (90% to 10%) Rx, =3902 
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Am2617 


TYPICAL CHARACTERISTICS 


Input Current 








liq — INPUT CURRENT — mA 











-15 -5005.0 15 
Vin — INPUT VOLTAGE — VOLTS 


Input Threshold 
Voltage Adjustment 


Veo=50v | | tf | 


Ta = 25°C 


a 
4 











Se OO CO CSE OS 
| | tt lee 
—_— <7) 


Vo — OUTPUT VOLTAGE — VOLTS 


fi 
: 








t) 
-3.0-2.0-10 0 1.0 20 30 4.0 5.0 
Vin — INPUT VOLTAGE — VOLTS 


Input Threshold Versus Input Threshold Voltage Input Threshold Margin 


Power-Supply Voltage Versus Temperature 





Versus Temperature 






































INPUT THRESHOLD VOLTAGE — VOLTS 
INPUT THRESHOLD VOLTAGE — VOLTS 











0 
-55-35-15 5 25 45 65 85 105 125 





























0.2 
0 














55-35-15 5 25 45 65 &5 105 125 


Vtm — INPUT THRESHOLD MARGIN — VOLTS 


Vec — POWER SUPPLY VOLTAGE — VOLTS Ta — AMBIENT TEMPERATURE — °C Ta — AMBIENT TEMPERATURE — °C 


DEFINITION OF TERMS 
FUNCTIONAL TERMS 


Response Control Pin A pin available on each receiver that allows 
the user to set the switching thresholds and frequency response of 
the receiver. 

Threshold Voltage The voltage level on the input that will cause 
the output to change state. Because the device exhibits hysterisis, 
the LOW level input threshold is different from the HIGH level 


LIC-420 





input threshold. Both thresholds can be moved by applying a bias 
to the response control pin. 

RS-232C A specification of the Electronic Industries Association 
that defines the electrical characteristics of data signals trans- 
mitted between two pieces of digital equipment. 


Input Signal Range The permitted range of DC voltages that can 
be applied to the receiver input without damage to the device. 
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Am2617 


SWITCHING TIME TEST CIRCUIT & WAVEFORMS 


PULSE IN 


RESPONSE 
CONTROL 
(OPEN) 


+3V 


PULSE IN 1.5V 


ov 


PULSE OUT 1.5V 


1/4 Am2617 


DIODES 1N3064 
OR EQUIVALENT 


LIC-422 


Metallization and Pad Layout 


A IN Vcc DIN 
1 14 13 


6 7 8 
BOUT GNDC OUT 


DIE SIZE 0.047" X 0.059” 
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Am2905 


Quad Two-Input OC Bus Transceiver With Three-State Receiver 





Distinctive Characteristics 


e Receiver has output latch for pipeline operation 
@ Quad high-speed LSI bus-transceiver @ Three-state receiver outputs sink 12 mA 
@ Open-collector bus driver @ Advanced low-power Schottky processing 
@ Two-port input to D-type register on driver @ 100% reliability assurance testing in compliance with 
e@ Bus driver output can sink 100 mA at 0.8V max. MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 
The Am2905 is a high-performance, low-power Schottky 

bus transceiver intended for bipolar or MOS microprocessor 

system applications. The device consists of four D-type 

edge-triggered flip-flops with a built-in two-input multi- 

plexer on each. The flip-flop outputs are connected to four 

open-collector bus drivers. Each bus driver is internally con- Ap By Ay By Ap By 
nected to one input of a differential amplifier in the receiver. - 

The four receiver differential amplifier outputs drive four 

D-type latches that feature three-state outputs. 


This LSI bus transceiver is fabricated using advanced low- Am2905 
power Schottky processing. All inputs (except the BUS in- 

puts) are one LS unit load. The open-collector bus output 

can sink up to 100 mA at 0.8V maximum. The BUS input 

differential amplifier contains disconnect protection diodes BUS BUS, BUS 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When BE is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 

The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S is HIGH, the Bj data is stored. 
The buffered common clock (DRCP) enters the data into MPR-063 





Voc = Pin 24 
GND, =Pin6 
GNDo = Pin 18 


this driver register on the LOW-to-HIGH transition. 


CONNECTION DIAGRAM 


Data from the A or B inputs is inverted at the BUS output. . 
Top View 


Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in 
D-type latch that is controlled from the buffered receiver 
latch enable (RLE) input. When the RLE input is LOW, the 
latch is open and the receiver outputs will follow the bus 
inputs (BUS data inverted and OE LOW). When the RLE 
input is HIGH, the latch will close and retain the present 
data regardless of the bus input. The four latches have three- 
state outputs and are controlled by a buffered common 
three-state control (OE) input. When OE is HIGH, the 


receiver outputs are in the high-impedance state. Amz206 


Note: Pin 1 is marked for orientation. MPR-064 
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Am2905 


LOGIC DIAGRAM 


BUSy BUS, BUS, BUS, 
O O O O 


He 
Bll 


res 
> 


SELECT i>o 


DRIVER 
CLOCK DRCP O &. O 


BUS p RECEIVER 
ENABLE BEO—OL> € }o——O ALE LATCH 
ENABLE 





MPR-065 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 


—65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Voq max. 
DC Input Voltage —0.5V to +7V 
DC Output Current, Into Outputs (Except Bus) 30mA 
DC Output Current, Into Bus 200mA 
DC Input Current —30mA to +5.0mA 
ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 
Am2905XC (COM'L) Ta =0°C to +70°C VecMIN. =4.75V VecMAX. = 5.25V 
Am2905XM (MIL) Ta =—55°C to+125°C =9VcgcMIN. =4.50V VoecMAX. = 5.50V 
BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


lot = 40mA 
Bus Output LOW Voltage lot =70mA 


lot = 100mA 


Vo = 0.4V 





Bus Leakage Current Vo =4.5V 


Bus Leakage Current ; 


Vo = 4.5V 
(Power OFF) e 











Receiver Input HIGH = 
—Thiesholit Bus enable = 2.4V 


Receiver Input LOW 
Vv B nable = 2.4V 
ea Threshold aii 
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Am2905 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2905XC (COM'L) T, =0°C to +70°C VecMIN.=4.75V VegMAX. = 5.25V 
Am2905XM MIL) Ta =—-55°C to +125°C ~VocMIN.=4.50V VocMAX. =5.50V 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 































































Von Receiver Output Vec= VIN MIL, OH = —1.0mMA Voits 
due mtnn lo, = 4mA 0.27 0.4 
VoL Receiver Output cc : lol =8mA 0.32 0.45 Volts 
LOW Voltage Vin = Vit or Vin 
lot = 12mA f= 2. | 0.37 0.5 
Vin Input HIGH Level Guaranteed input logical HIGH 20 Volts 
I (Except Bus) for all inputs : 
Vv Input LOW Level Guaranteed input logical LOW MiL Meee 0.7 cite 
IL (Except Bus) for all inputs COM'L 08 
Input Clamp Voltage 












Voc = MIN., ty = —18MA 


| 
= 
a 


Volts 
(Except Bus) 

















Input LOW Current 
(Except Bus) 









Vcc = MAX., Vin = 0.4V —0.36 mA 


Vcc = MAX., Vin = 2.7V 


Vcc = MAX., Vin = 5.5V 











Input HIGH Current 
(Except Bus) 


0 


fe 
= 
> 





Input HIGH Current 
(Except Bus) 









= 
° 
o 
= 
> 











Vo =2.4V 
Vo =0.4V 


Receiver Off-State 
Output Current 






Vec = MAX. 


r 
> 





Receiver Output 
Short Circuit Current 


Power Supply Current Vec = MAX., All inputs = GND 


SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


om 
NL 


I 
a 
nN 
| nN 
SiO 
3 
> 


, 
> 


Am2905XM Am2905XC .. 
Typ. Typ. 
Parameters Description Test Conditions Min. (Note 2) Max. Min. (Note 2) Max. | Units 







ie) 
oO 


N 






Driver Clock (DRCP) to Bus 


N 


-_ =/a N 
fee] W)}o]-|]- 


N 
ie) 
o 


=|— 
sw 


CL (BUS) = 50pF 
R__ (BUS) = 502 





2 
2 


Oo 


2 
2 


w 





Bus Enable (BE) to Bus 


(o>) 
wo 


on 


NO 


Data Inputs (A or B) 





WwW 
Ww 


™“ N nN 
o|- o 


oO 


Select Input (S) 


Driver Clock (DRCP) Pulse Width 
(HIGH) 


N 
oa 


Nlo[y 
° oj} 









Bus to Receiver Output 
tPHL (Latch Enable) Cy = 15pF 


tPLH : Ru = 2.0kQ 
Latch Enable to Receiver Output 


~ 
Les) 
+ 








wW 
~w 
= 
= 
i) w w 
oa + +S 
=) =] 
a a 


N 


Ww 
~ 
i 
= 
(e) 
fh 


Bus to Latch Enable (RLE) 


=a 


N 
hdd 
ro) 


tZH 
tzL 

HZ 
tLz 


N 
lee] 
NO 
a 


Output Control to Receiver Output 





5 


N 
tee) 
N 





= 
N 


é 


N 
0 


> 
a 


a 


Output Control to Receiver Output 


N 

ive] 
le 

a 


2 
° 
a 
o 
a 
= 


- For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2905 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVEN (INPUT DRIVING OUTPUT 


BE = 3.3k2 
RLE = 5k 
OE = 5kQ 

A,B, S= 10k 
DRCP = 10k82 


Note: Actual current flow direction shown. 


TYPICAL PERFORMANCE CURVES 


Bus Output Low Voltage Receiver Threshold Variation 
Versus Ambient Temperature Versus Ambient Temperature 
1.0 2.5 
2.4 
2.3 
2.2 
2.1 
2.0 
1.9 
1.8 
1.7 
1.6 
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1.5 
—-55 -35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 
MPR-067 MPR-068 


0 
-—55 ~35 -15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


Vy — RECEIVER THRESHOLD VOLTAGE — VOLTS 


SWITCHING WAVEFORMS 


ao 


a 


DRIVER 
CLOCK 


we re 


RECEIVER 
OUTPUT 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 


and measuring the BUS to R combinatorial delay. 
MPR-069 
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FUNCTION TABLE ORDERING INFORMATION 
Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening level. 


Package Temperature Screening 
INTERNAL r T 
INPUTS To Device | BUS | OUTPUT Order ype Range Level 
R 











FUNCTION Number (Note 1) (Note 2) (Note 3) 


Driver output disable AM2905PC P-24 
Receiver output disable AM2905DC D-24 
Driver output disable and AM2905DC-B D-24 
receive data via Bus input AM2905DM D-24 
Latch received data AM2905DM-B D-24 
AM2905FM F-24 
AM2905FM-B F-24 


AM2905XC Dice 
AM2905XM Dice 





a 
gl 











C-1 

C-1 

B-1 

C-3 

B-3 

C-3 

B-3 
Visual inspection 
to MIL-STD-883 
Method 2010B. 





Be 
x 
a . 

















Load driver register 








SO S522000 


zee rhe =P 


pox pex pe = 
pox ex] 





No driver clock restrictions 

















xx KLK KK KIK]Y oO DINIX 


| 


xrlyx<x xx KK KIRK) I OP KIN 


Notes: 
Drive Bus 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- 
; : ing letter is number of leads. See Appendix B for detailed outline. 

H=HIGH 2Z=HIiGH Impedance X = Don't care i=0,1,2,3 : 

L=LOW NC = Nochange + = LOW to HIGH transition Where Appendix B contains several dash numbers, any of the 
variations of the package may be used unless otherwise specified. 

. © = 0°C to +70°C, M = —55°C to +125°C. 

. See Appendix A for details of screening. Levels C-1 and C-3 con- 
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
883, Class B. 


x 








x *[z “|= = -- 








DEFINITION OF FUNCTIONAL TERMS LOAD TEST CIRCUIT 


Ao. Ay, A2, A3 The “A” word data input into the two 
input multiplexer of the driver register. 


Bo, By, Bz,B3 The “B’’ word data input into the two 
input multiplexers of the driver register. 


Select. When the select input is LOW, the 
A data word is applied to the driver reg- 
ister. When the select input is HIGH, the CL 


° a . 7 15pF 
B word is applied to the driver register. (NOTE) 


Driver Clock Pulse. Clock pulse for the 
driver register. 


Bus Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedance 
state. 


BUSp, BUS, The four driver outputs and receiver in- 
BUS», BUS puts (data is inverted). MPR-070 


Ro, R1, R2,R3 The four receiver outputs. Data from the ~ Metallization and Pad Layout 
bus is inverted while data from the A or B Voc 
inputs is non-inverted. 24 


RLE Receiver Latch Enable. When RLE is 
LOW, data on the BUS inputs is passed ae ea 
through the receiver latches. When RLE eee al ee ale 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 





Output Enable. When the OE input is 
HIGH, the four three state receiver out- 
puts are in the high-impedance state. 











DIE SIZE 0.080” X 0.130" 
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APPLICATIONS 


A CONTROL B 
CONTROL 


ALU SCRATCHPAD MASTER 


CONTROL 


OUT OUT 


ADDRESS REMOTE 


AND 
DATA DISPLAY OPERATION 


B CONTROL B CONTROL B CONTROL 


Am2905 Am2905 Am2905 


ADDRESS CONTROL 
BUS BUS 


The Am2905 is a universal Bus Transceiver useful for many system data, address, control and 
timing input/output interfaces. 
MPR-071 


meu 
P 


r 
[ 


po 


ADDRESS 


DATA 


Using the Am2905 and Am26S10 in a terminated Bus system for the Am9080 MOS Microprocessor. 
MPR-072 
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Am2906 


Quad Two-Input OC Bus Transceiver With Parity 





Distinctive Characteristics 


Quad high-speed LSI bus transceiver. 
Open-collector bus driver. 

Two-port input to D-type register on driver. 

Bus driver output can sink 100 mA at 0.8V max. 
Internal odd 4-bit parity checker/generator. 


FUNCTIONAL DESCRIPTION 


The Am2906 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four open- 
collector bus drivers. Each bus driver is internally con- 
nected to one input of a differential amplifier in the receiver. 
The four receiver differential amplifier outputs drive four 
D-type latches. The device also contains a four-bit odd 
parity checker/generator. 


This LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS in- 
puts) are one LS unit load. The open-collector bus output 
can sink up to 100 mA at 0.8V maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When BE is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 


The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 


in the register and when S is HIGH, the B; data is stored. 
The buffered common clock (DRCP) enters the data into 
this driver register on the LOW-to-HIGH transition. 


Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in 
D-type latch that is controlled from the buffered receiver 
latch enable (RLE) input. When the RLE input is LOW, the 
latch is open and the receiver outputs will follow the bus 
inputs (BUS data inverted). When the RLE input is HIGH, 
the latch will close and retain the present data regardless of 
the bus input. 


The Am2906 features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the 
bus enable ts LOW (driver enabled), odd parity is generated 
based on the A or B field data input to the driver register. 
When BE is HIGH, the parity output is determined by the 
four latch outputs of the receiver. Thus, if the driver is en- 
abled, parity is generated and if the driver is in the high- 
impedance state, the BUS parity is checked. 


Receiver has output Jatch for pipeline operation. 
Receiver outputs sink 12 mA. 
Advanced low-power Schottky processing. 


100% reliability assurance testing in compliance with 
MIL-STD-883. 


LOGIC SYMBOL 


Ag Bo Ay By AQ 


Ss 


Am2906 


BUSg BUS, BUS) 


Vcc = Pin 24 
GND, = Pin 6 


GND2 = Pin 18 
MPR-073 


CONNECTION DIAGRAM 
Top View 


Am2906 


Note: Pin 1 is marked for orientation: 
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Am2906 


LOGIC DIAGRAM 


BUSg BUS, BUS BUS3 
o 9 9° 9 


At _) 
) > os PARITY 


SELECT so 


DRIVER 
ctock ORCP © 
= are RECEIVER 


BUS : 
ENABLE 55° ORLE | ATCH ENABLE 





MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias . —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State ~—0.5V to +Vec max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs (Except Bus) 30mA- 
DC Output Current, {nto Bus 200 mA 
DC Input Current —30mA to +5.0mMA 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2906XC (COM'L) Ta =0°C to +70°C Vec MIN.=4.75V. Vcc MAX. = 5,.25V 
Am2906XM (MIL) Ta =—55°C to+125°C Voc MIN. =4.50V. Veg MAX. = 5.50V 


BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Parameters Description Test Conditions (Note 1) Min, (Note 2) Max. Units. 


loL = 40mA 
lot = 70mA 
- lot = 100mA 
Vo = 0.4V 
Bus Leakage Current Vcc = MAX. Vo =4.5V 
: | com't | 
Bus Leakage Current . & 
I Vo = 4.5V A 
VTH Receiver Input HIGH Bus enable = 2.4V [we [| 24 | aaa 
Threshold COM'L 
Recsve Input LOW Saar a 
; resho 5 Pe | 
| COM'L | L 
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Bus Output LOW Voltage 














Am2906 
‘ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2906XC (COM'L) Ta = 0°C to +70°C Vec MIN. = 4.75V Vec MAX: = 5.25V 
Am2906XM (MIL) Ta = —55°C to +125°C = Vee MIN. 4.5V Vec MAX. = 5.5V 
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 










n 
eT lon=-tmA | 24 | 34 | 
HIGH Voltage Ving= Vy; or V ' 7 : 


ie Parity Output Vcc = MIN., IoH = —660nA PCC = 
Torsama | ea [oa 


Piovstima ar [0 


(Except Bus) 
Vin Input HIGH Level Guaranteed input logical HIGH Volts 
(Except Bus) for all inputs 
VIL Input LOW Level Guaranteed input logical LOW ee ae ees ee Volts 
(Except Bus) for all inputs COM‘L fT 
xcept Bus 
Input LOW Current 
(Except Bug) : ie : ga ~ na | fee fom | 
Input HIGH Current . 
Pee (Except Bus) Bes pl mae — Sf mo fo 

















Vec = MIN. 
Vin = Vitor Vint - 


VOL 






































Output Short Circuit Current 2 
1 Vcc = MAX. —12 
= (Except Bus) ee Sf fom | 


loc Power Supply Current Vcc = MAX., All inputs = GND 


SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 








N 
nN 


| 105 | mA 

















Am2906XM Am2906XC 
Typ. Typ. 
Parameters Description Test Conditions Min. (Note 2) Max. Min. (Note 2) Max. 





2 
= 
Ww 
n 






Driver Clock (DRCP) to Bus 





C_ (BUS) = 50pF 
R,_ (BUS) = 502 


N 
w 
fer) 















Bus Enable (BE) to Bus 







N 
w& 








— Data Inputs (A or B) 


th 
| Select Inputs (S) 
tpw Clock Pulse Width (HIGH) 


tPLH Bus to Receiver Output 
tPHL (Latch Enabled) 











N 
® 
. MN 
ox) 
- o = 




























tPLH 
Latch Enable to Receiver Output 
ts 


Bus to Latch Enable (RLE) 


















th 


tPLH Bus to Odd Parity Output 
tPHL (Driver Inhibited, Latch Enabled) 


Latch Enable (RLE) to 
Odd Parity Output 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 













A or B Data to Odd Parity Output 
(Driver Enabled) 


























4-94 


Am2906 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVEN INPUT DRIVING OUTPUT 


Note: Actual current flow direction shown. 


TYPICAL PERFORMANCE CURVES 


Bus Output Low Voltage Receiver Threshold Variation 
Versus Ambient Temperature Versus Ambient Temperature 
1.0 2.5 
2.4 
2.3 
2.2 
21 
2.0 
1.9 
1.8 
1.7 
1.6 
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<4 
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0 
—55 -35 -15 5 25 45 65 85 105 125 


Tp, — AMBIENT TEMPERATURE — °C 


1.5 
—-55 -35-15 5 25 45 65 85 105 125 
Tp — AMBIENT TEMPERATURE — °C 


Vy — RECEIVER THRESHOLD VOLTAGE — VOLTS 


MPR-077 MPR-078 


SWITCHING WAVEFORMS 


aa 


a i 


DRIVER 
CLOCK 


ee 


RECEIVER 
OUTPUT 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
- and measuring the BUS to R combinatorial delay. 
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Am2906 


FUNCTION TABLE ORDERING INFORMATION 


Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening level. 


Package Temperature Screening 


INTERNAL 
INPUTS OUTPUT Order Type Range Level 
TO DEVICE FUNCTION yP g 


0; Ri Number (Note 1) (Note 2) (Note 3) 


Driver output disable AM2906PC P-24 C-1 
Receiver output disable AM2S06DC D-24 C-1 
Driver output disable and AM2S906DC-B D-24 B-1 
receive data via Bus input AM2906DM D-24 C-3 
Latch received data AM2906DM-B D-24 B-3 
AM2906FM F-24 C-3 
AM2906FM-B F-24 B-3 


AM2906XC Dice Visual inspection 


i to MIL-STD-883 
AM2906XM Dice Method 2010B. 





ga 
a 
Cc 
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o 
Ps) 
oO 
vu 
a 
rc 
mi 
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Fe 


x|x x 
|X KK xX 








Ee 
x|- [=|] 2 

x|x 
x r|x|x 


Load driver register 


xX 
Xx 
NC 
L 
H 
L 


H 
H 
Xx 
x 
x 
Xx 
x 
x 
x 
L 
L 











=O £252252000 


No driver clock restrictions 


Zreje7eeoerj- 


x|xX *X)x<x *— *K KID) O TO 


Zz 
oO 


xx KK KK XK 
Zz 
o |= 
eae 


xrl|x x|x * kK KK) XI Ol KIN 


aia i 








Notes: 

x xix] ox eee 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- 
H  Z=HIGH Impedance X = Don't care i=0,1,2,3 ing letter is number of leads. See Appendix B for detailed outline. 
NC = No change t = LOW to HIGH transition Where Appendix B contains several dash numbers, any of the 

variations of the package may be used unless otherwise specified. 
. © = 0°C to +70°C, M = —55°C to +125°C. 

. See Appendix A for details of screening. Levels C-1 and C-3 con- 
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 

883, Class B. 


x 
cr 





«x KIX xiD ETO rlK]K KIX) x<| a 


pew em fe m= fe x [xl 


x 
r 














pexpex|z xe 


rz 
‘oy 
=x 
25 


DEFINITION OF FUNCTIONAL TERMS LOAD TEST CIRCUIT 


Ao, Ay, A2, A3 The “A” word data input into the two 
input multiplexer of the driver register. 


Bo, By, Bo, Bz The “B” word data input into the two 
input multiplexers of the driver register. 


Select. When the select input is LOW, the R 
A data word is applied to the driver reg- MER oer 


ister. When the select input is HIGH, the OL 
B word is applied to the driver register. NOTE 1 


Driver Clock Pulse. Clock pulse for the 
driver register. 


Bus Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedance 
state. (NOTE 1) 


BUS, BUS; The four driver outputs and receiver in- 
BUS, BUS3 puts (data is inverted). 


Ro, R1, R2, R3. ~The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 


LE Receiver Latch Enable. When RLE is 
LOW, data on the BUS inputs is passed 
through the receiver latches. When RLE 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 


Output Enable. When the OE input is 
HIGH, the four three state receiver out- 
puts are in the high-impedance state. 








DIE SIZE 0.080” X 0.130” 
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APPLICATIONS 


SELECT 


CLOCK 


Am2306 Am2906 


BUS BUS PARITY 
ENABLE 


LATCH 
ENABLE 


ODD/EVEN 
CONTROL 
L = EVEN 


H= ODD 
Py Po Pz Pq Ps Pe P7 Pg Pg 


Am82S62 


EVEN 


CHECK 
PARITY OUTPUT 


Generating or checking parity for 16 data bits. 
MPR-081 


1/0 DEVICES MEMORY 


Am26S10 Am2906 Am26S10 Am2906 Am2906 Am26S10 


Am26S10 Am26S10 | | | 


DATA 


| ee | ee | ee 


ADDRESS 


(Sa e | eereee 





Using the Am2906 and Am26S10 in a terminated Bus system for the Am9080 MOS Microprocessor. 





MPR-082 
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Am2907 + Am2908 


Quad Bus Transceivers with Interface Logic 





Distinctive Characteristics * @ Am2907 has 2.0V input receiver threshold; Am2908 is 


© Quad high-speed LSI bus-transceiver ees, hg LSI-Il bus compatible” with 1.5V receiver 
@ Open-collector bus driver e Receiver has output latch for pipeline operation 
e D-type register on driver @ Three-state receiver outputs sink 12mA 


: . - e Advanced Low-power Schottky processing 
e Bus driver output can sink 100mA at 0.8V max. @ 100% reliability assurance testing in compliance with 
@ Internal odd 4-bit parity checker/generator MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am2907 and Am2908 are high-performance bus trans- 
ceivers intended for bipolar or MOS microprocessor system ap- 
plications. The Am2908 is Digital Equipment Corporation “Q or 
LSI-Il bus compatible” while the Am2907 features a 2.0V receiver 
threshold. These devices consist of four D-type edge-triggered 
flip-flops. The flip-flop outputs are connected to four open-col- 
lector bus drivers. Each bus driver is internally connected to one 
input of a differential amplifier in the receiver. The four receiver 
differential amplifier outputs drive four D-type latches, that feature 
three-state outputs. The devices also contain a four-bit odd parity 
checker/generator. 


These LSI bus transceivers are fabricated using advanced 
low-power Schottky processing. All inputs (except the BUS in- 
puts) are one LS unit load. The open-collector bus output can 
sink up to 100mA at 0.8V maximum. The BUS input differential 
amplifier contains disconnect protection diodes such that the 
bus is fail-safe when power is not applied. The bus enable GND. = Pin 15 . 
input (BE) is used to force the driver outputs to the high-impe- ? MPR-083 
dance state. When BE is HIGH, the driver is disabled. The 

open-collector structure of the driver allows wired-OR opera- CONNECTION DIAGRAM 

tions to be performed on the bus. Top View 


The input register consists of four D-type flip-flops with a buf- 
fered common clock. The buffered common clock (DRCP) en- 
ters the A; data into this driver register on the LOW-to-HIGH 
transition. 





Vec = Pin 20 
GND, = Pin5 


Data from the A input is inverted at the BUS output. Likewise, 
data at the BUS input is inverted at the receiver output. Thus, 
data is non-inverted form driver input to receiver output. The 
four receivers each feature a built-in D-type latch that is con- 
trolled from the buffered receiver latch enable (RLE) input. 
When the RLE input is LOW, the latch is open and the receiver 
outputs will follow the bus inputs (BUS data inverted and OE 
LOW). When the RLE input is HIGH, the latch will close and 
retain the present data regardless of the bus input. The four 
latches have three-state outputs and are controlled by a buf- 
fered common three-state control (OE) input. When OE is 
HIGH, the receiver outputs are in the high-impedance state. 


The Am2907 and Am2908 feature a built-in four-bit odd parity 

checker/generator. The bus enable input (BE) controls whether 

the parity output is in the generate or check mode. When the ORDERING INFORMATION 

bus enable is LOW (driver enabled), odd parity is generated 

based on the A field data input to the driver register. When BE Am2907 Am2908 
is HIGH, the parity output is determined by the four latch out- Package Temperature Order Order 
puts of the receiver. Thus, if the driver is enabled, parity is Type Range Number Number 
generated and if the driver is in the high-impedance state, the Molded DIP O°C to +70°C + AM2907PC AM2908PC 
BUS parity is checked. Hermetic DIP O°C to +70°C = AM2907DC + AM2908DC 


The Am2907 has receiver threshold typically of 2.0V while the Dice O°C to +70°C == AM2907XC  AM2908XC 
Am2908 threshold is typically 1 5V Hermetic DIP —55°C to +125°C AM2907DM AM2S908DM 
a Hermetic FlatPak -—55°C to +125°C AM2907FM 
Dice —55°C to +125°C AM2907XM 


Am2907 
Am2908 


Note: Pin 1 is marked for orientation. 
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LOGIC DIAGRAM 


BUS, BUS; 
9° 9 


== OUTPUT 
QP OF controt 


) o—o Parity 


DRIVER 
cLock DRCPO 
RECEIVER 
ous ~ BEO o O ORLE LATCH 
ABL ENABLE 





MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential -0.5Vto+7V 
DC Voltage Applied to Outputs for HIGH Output State -0.5 V to +Vcc max. 
DC Input Voltage -0.5 V to +5.5 V 


DC Output Current, Into Outputs (Except BUS) 30 mA 
DC Output Current, Into Bus 200 mA 
DC Input Current -30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 


Am2907XC, Am2908XC (COM'L) Ta = 0°C to +70°C Vec MIN. = 4.75V. Voc MAX. = 5.25V 
Am2907XM, Am2908XM (MIL) Ta = —55°C to +125°C Voc MIN. = 4.50V Vgc MAX. = 5.50V 


BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Bus Output LOW Voltage Voc = MIN. 
Bus Leakage Current 


Bus Leakage Current (Power Off) | Vo = 4.5V 


Am2907 


Am2907 
Receiver Input HIGH Threshold Bus Enable = 2.4V 
Am2908 


Bus Enable = 2.4V 
Am2908 
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Am2907/08 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 
Am2907XC, Am2908XC (COM'L) Ta = 0°C to +70°C Vcc MIN. = 4.75V. Voc MAX. = 5.25V 
Am2907XM, Am2908XM (MIL) Ta = —55°C to +125°C Voc MIN. = 4.50V. Voc MAX. = 5.50V 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Parameters Description Test Conditions (Note 1) Min. Typ. (Note 2) Max. Units 


Receiver Vec = MIN. MIL: [gy =-1mA 
Output HIGH Voltage Vin = Vitor Vin | COM'L: [oy = -2.6mA 
2.5 


Parity Vcc = MIN., IoH = -6604A 
Output HIGH Voltage VIN = VIH or Vin 











Output LOW Voltage Vec = MIN. 
(Except Bus) Vin = Vic or Ving 








Input HIGH Level Guaranteed input logical HIGH 
(Except Bus) for all inputs 
Input LOW Levet Guaranteed input logical LOW 
(Except Bus) for all inputs 








Input Clamp Voltage 


Vec = MIN., Ij = -18MA 


(Except Bus) 

Input LOW Current 
(Except Bus) 

Input HIGH Current 
(Except Bus) 

([nput HIGH Current 
(Except Bus) 

Output Short Circuit 
Current (Except Bus) 
Power Supply Current Vec = MAX., All Inputs = GND 
Off-State Output Current 

(Receiver Outputs) 


Am2907 SWITCHING CHARACTERISTICS 
OVER OPERATING TEMPERATURE RANGE 


Test Conditions 


Vec = MAX., Vin = 0.4 V 





Vec = MAX.,, Vin = 2.7 V 











Vec = MAX., Vin = 5.5 V 











Vec = MAX. 

























Am2907XM Am2907XC 


. Typ. ; Typ. 
Min. (Note 2) Max, Min. (Note2) Max. 


1 






Units 


Parameters Description 









N 
= 
NO 
Ww 






wo 
io?) 


C._ (BUS) = 50pF 
R,_ (BUS) = 502 








a 


= 
N 


2 
26 


23 






NR 
wo 





= 
oo 






~N 
Oo 


Clock Pulse Width (HIGH) 
Bus to Receiver Output 
(Latch Enabled) 
tPLH 
| tPLH | Latch Enable to Receiver Output 


Bus to Latch Enable (RLE) 


Lee) 
+ 


37 


a 
<9 





& 
h 





= 

WwW] w w 

NIN ~N 
N 


N 
= 
N 
w 
i 





N 
= 







~ N 
oO © 
= afelnd 





N 
W 
[o>] 





Data to Odd Parity Out 
(Driver Enabled) — 







No 
= 
ND 
w 
o 








w 
o>] 






Bus to Odd Parity Out 
(Driver Inhibit) 


Latch Enable (RLE) to Odd 
Parity Output 
Output Control to Output 
ZL 
utput Control to Output 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2907/08 


Am2908 SWITCHING CHARACTERISTICS 
OVER OPERATING TEMPERATURE RANGE 





Am2908XM Am2908XC 


Typ. Typ. 
Min. (Note2) Max. Min. (Note2) Max. 









Parameters Description Test Conditions 


t 
Driver Clock (DRCP) to Bus 
teLH 


tPHL 
| Bin OuputFise Time 


ts : 
Data inputs 
th 


tpw Clock Pulse Width (HIGH) 





























Bus Enable (BE) to Bus C, (BUS) = 50pF 


R, (BUS): 912. to 


Vec 
2002 to GND 


nN 
wo 







nN 




















NX 
a | al om nN 





tPLH Bus to Receiver Output | | ta fsa | 35 | 

‘PLH Latch Enable to Receiver Output | a = SOF P| ate 
a 

: Te a 

tel Data to Odd Parity Out | fat | 40 

ina, | (Crver enaie es et 

te Bus to Odd Parity Out a lecehied a0 

ice ee ae ae 

tPLH Latch Enable (ALE) to Odd PL=20K0 || | 4 [| | 2 

tPHL Parity Output ior sl 






> wa | ot 
: 
c E 
ann ae 


py 


ze Output Control to Output 

ZL ; bo oa 
tHz Ginn Corsi Oued c.=soF | | 4 | 2 | | 4 | 
hz iE OR SS 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics fo the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
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Am2907/08 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVEN iNPUT DRIVING OUTPUT 


BE = 3.3k2 
RLE = 5kQ 
OE = 5k2 
A,B, S=10k2 
DRCP = 10kQ 


Note: Actual current flow direction shown. 
MPR-086 


TYPICAL PERFORMANCE CURVES 


Am2907 Am2908 
Bus Output Low Voltage Receiver Threshold Variation Receiver Threshold Variation 
Versus Ambient Temperature Versus Ambient Temperature Versus Ambient Temperature 
1.0 25 2.0 
1.9 
1.8 



































n 
F 
at 
o) 
> 
1 
ey) 
Q 
< 
a 
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o 
> 
= 
> 
a. 
BE 
2 
° 
n 
2 
a 
! 
a 
io) 
> 








BE 
—55 -35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C T, — AMBIENT TEMPERATURE — °C 


0.9 
—55 -35 -15 5 25 45 65 85 105 125 -§5-35-15 5 25 45 65 85 105 125 


Ty, — AMBIENT TEMPERATURE — °C 


V7 — RECEIVER THRESHOLD VOLTAGE — VOLTS 
Vy — RECEIVER THRESHOLD VOLTAGE — VOLTS 


MPR-087 MPR-088 MPR-508 


Am2907/08 SWITCHING WAVEFORMS 


DRIVER 





A INPUT 


BUS 
OUTPUT 


1. INPUT SET-UP AND HOLD TIMES. 
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Am2907/08 


Am2907/08 SWITCHING WAVEFORMS 
AND LOAD TEST CIRCUITS 


ov 
IV 
Ag —f Ne 
ov 
3V 
————_- 0V 
—-| tr -— t BE 1. \ / 1.5V 
90% 


5V 
90% IL 
BUS, 1.5V 1.5V tut teLH 
10% 10% 
tepHL teLy aloe BUS,, 1.5V 1.5V 
\/ MPR-510 


2. DRIVER CLOCK (DRCP) TO BUS 3. BUS ENABLE (BE) TO BUS 
DRIVER SWITCHING WAVEFORMS 


MPR-509 


Am2907 Am2908 MEReS12 
DRIVER LOAD TEST CIRCUIT DRIVER LOAD TEST CIRCUIT 


\ 1.5V # 1.5V 
jase Lo tous Ss 


BE 
MPR-513 
4. BUS TO RECEIVER OUTPUT 
_ (LATCH ENABLED) 5. LATCH ENABLE TO OUTPUT MPR-514 
RECEIVER SWITCHING WAVEFORMS 


ALL DIODES 
ARE 1N3064 


Note: C_ = 15pF for Am2907 


" C\, = 50pF for Am2908 
Am2907/08 RECEIVER LOAD TEST CIRCUIT. 
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Am2907/08 


Am2907/08 SWITCHING WAVEFORMS 
AND LOAD TEST CIRCUITS (Cont.) 


inl 
OUTPUT 
NORMALLY 


S1 AND S2 
CLOSED 


S1 AND S2 
R CLOSED 
n 
OUTPUT $1 OPEN 


NORMALLY oy 
HIGH tHz MPR-516 


6. RECEIVER TRI-STATE WAVEFORMS 


3V 


ov 
tpn an 


1.5V 1.5V 





BE ov 
MPR-517 MPR-518 
7. AINPUT TO PARITY OUTPUT 8. BUS TO PARITY OUTPUT 


ODD PARITY OUTPUT WAVEFORMS 


DEVICE DEVICE 


ALL DIODES 
<7 ARE 1N3064 


© 

$2 

Note 1: Cy = 15pF for tz:, tzy ¢ MPR-520 
C. = 5pF for trz, tyz = 


MPR-519 


LOAD FOR RECEIVER TRI-STATE TEST LOAD FOR PARITY OUTPUT 





4-104 


Am2907/08 


TRUTH TABLE 


INTERNAL 
TO DEVICE 


INPUTS 


ai once] | OE 


FUNCTION 


Driver output disable 


Receiver output disable 


Driver output disable and receive data 
via Bus input 


Latch received data 


Load driver register 
No driver clock restrictions 


H = HIGH Z= High !mpedance X = Don't Care i- 0, 1, 2,3 
L= Low NC = No Change t = LOW-to-HIGH Transition 


PARITY OUTPUT FUNCTION TABLE 


ODD PARITY OUTPUT 
ODD = Ag ®Aji ®A2 ® AZ 
ODD = Qo ® QQ] © 072 € QZ 


DEFINITION OF FUNCTIONAL TERMS Metallization and Pad Layout 


DRCP Driver Clock Pulse. Clock pulse for the driver register. 


BE Bus Enable. When the Bus Enable is LOW, the four 
drivers are in the high impedance state. 


BUSo, BUS), BUS9, BUS3 ‘The four driver outputs and 
receiver inputs (data is inverted). 





Ro, Ri, Ra, R3 The four receiver outputs. Data from the 
bus is inverted while data from the A or B inputs is non- 
inverted. : ; ; 


RLE Receiver Latch Enable. When RLE is LOW, data on the 
BUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the 
data independent of all other inputs. 




















ODD Odd parity output. Generates parity with the driver 
enabled, checks parity with the driver-in the high-impedance 
state. 


OE Output Enable. When the OE input is HIGH, the four 
three-state receiver outputs are in the high-impedance state. 


DIE SIZE 0.088" X 0.103” 
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Am2907/08 


APPLICATIONS 


A 


Am2907/8 
ADDRESS REGISTER 


BUS 


Am2918 
STATUS REGISTER 


A 
Am2307/8 MAIN 


DATA : 
MEMORY 
REGISTER y 
R 


FLAGS Y 


A 
Am2909 
MICROPROGRAM I Am2901A 
BIPOLAR 
MICROPROCESSOR 


D 


ROM/PROM 
MICROCODE 


Am2918 
MICROWORD 
REGISTER 





The Am2907 can be used as an I/O Bus Transceiver and Main Memory |/O Transceiver 
in high-speed Microprocessor Systems. 


Am9080A 1/0 DEVICES MEMORY 
D A 
907 A 


MPR-091 


Am2907 m26S10 


ADDRESS 


7 | ea 


Using the Am2907 and Am26S10 in a terminated Bus system for the Am9080 MOS Microprocessor. 
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Am2915A 


Quad Three-State Bus Transceiver With Interface Logic 





Distinctive Characteristics 


Quad high-speed LSI bus-transceiver 
Three-state bus driver 

Two-port input to D-type register on driver 

Bus driver output can sink 48mA at 0.5V max. 
Receiver has output latch for pipeline operation 


FUNCTIONAL DESCRIPTION 


The Am2915A is a high-performance, low-power Schottky bus 
transceiver intended for bipolar or MOS microprocessor system 
applications. The device consists of four D-type edge-triggered 
flip-flops with a built-in two-input multiplexer on each. The 
flip-flop outputs are connected to four three-state bus drivers. 
Each bus driver is internally connected to the input of a 
receiver. The four receiver outputs drive four D-type latches 
that feature three-state outputs. 


This LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink up 
to 48mA at 0.5V maximum. The bus enable input (BE) is 
used to force the driver outputs to the high-impedance state. 
When BE is HIGH, the driver is disabled. The Voy and Vo: of 
the bus driver are selected for compatibility with standard and 
Low-Power Schottky inputs. 


The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls the 
four multiplexers. When S is LOW, the Aj data is stored in the 
register and when Sis HIGH, the Bj data is stored. The buffered 
common clock (DRCP) enters the data into this driver register 
on the LOW-to-HIGH transition. - 


Data from the A or B inputs is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver out- 
put. Thus, data is non-inverted from driver input to receiver 
output. The four receivers each feature a built-in D-type latch 
that_is controlled from_the buffered receiver latch enable 
(RLE) input. When the RLE input is LOW, the latch is open 
and the receiver outputs will follow the bus inputs (BUS data 
inverted and OE LOW). When the RLE input is HIGH, the 
latch will close and retain the present data regardless of the 
bus input. The four latches have three-state outputs and are 
controlled by a buffered common three-state control (OE) 
input. When OE is HIGH, the receiver outputs are in the high- 
impedance state. 


@ Three-state receiver outputs sink 12mMA 

@ Advanced low-power Schottky processing 

@ 100% reliability assurance testing in compliance with 
MIL-STD-883 

@ 3.5V minimum output high voltage for direct inter- 
face to MOS microprocessors 


LOGIC SYMBOL 


Ag Bo Ay 81 Ag Bg 


Am2315A 


Vec = Pin 24 
GND, = Pin6 
GNDo2 = Pin 18 


CONNECTION DIAGRAM 
Top View 


Am2915A 


Note: Pin 1 is marked for orientation. 
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LOGIC DIAGRAM 


BUS) BUS, BUS, BUS, d> 


| 
2 NS0 O Ro 


am 

















? 
’ 
SELECT so 


ORIVER 
crock PRCPO 


BUS 
ENABLE BEO 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential! 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs (Except Bus) 





> 
> 


€ oO ALE LATCH 


Am2915A 


| OR, 


© Ro 


O R3 


RECEIVER 


ENABLE 





—65°C to +150°C 
—55°C to +125°C 
—0.5V to +7V 
—0.5V to +Voq max. 
—0.5V to +7V 
30mMA 





DC Output Current, Into Bus 





100mA 





DC Input Current 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2915AXC (COM’L) 
Am2915AXM (MIL) 


Ta =OCto+70°C 


: : VecMIN. =4.75V. VecMAX. = 5.25V 
Ta = —55°C to +125°C 


VecMIN. =4.50V VeGMAX. = 5.50V 
BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Parameters Description 


Bus Output LOW Voltage Vec = MIN. 
Bus Output HIGH Voltage Vec = MIN. 


Bus Leakage Current 
(High Impedance) 


Vcc = MAX. 
Bus enable = 2.4V 


Bus Leakage Current 
(Power OFF) 


Vv 


1H 
VIL 
Isc 


Receiver Input LOW Threshold 





Bus Output Short Circuit Current 
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Test Conditions (Note 1) Min. Typ. 


—30mA to +5.0mA 





Am2915A 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2915AXC (COM’L) Ta, =0°C to +70°C VecMIN. =4.75V VecMAX. = 5.25V 

Am2915AXM (MIL) Ta =—55°C to+125°C } =9VecMIN.=4.50V VecMAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ: 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 







Vcc = MIN. MIL: Igy = —1.0mA 


VIN = Vitor Vin COM'L: IoH = —2.6mA 


VOH 
Vec = 5.0V, Ioy = —100nA 3.5 
. lol =4.0mA 
Vec = MIN. 
VoL Output LOW Voltage on lo = 8.0mA 
(Except Bus) Vin = Vit or Vin 
lop = 12mMA 
Vv Input HIGH Level Guaranteed input logical HIGH 
IH : 
(Except Bus) for all inputs 
VIL Input LOW Level Guaranteed input logical LOW | MIL 
(Except Bus} for all inputs COM'L 
v\ 
HL 
WH 
'sc 
Icc 










Receiver 
Output HIGH Voltage 





A 
ms 


0.27 
0.32 
0.37 


0.4 















oO. 
Volts 





BE, RLE 
Input LOW Current (Except Bus) Vcc = MAX., Vin =0.4V 
All other inputs 


Input HIGH Current (Except Bus) Vec = MAX., Vin =2.7V 
Input HIGH Current (Except Bus) Vec = MAX., Vin = 7.0V 


Output Short Circuit Current Vcc = MAX. 30 
(Except Bus) 
| tcc | Power Supply Current Vcc = MAX. 
: Vo =2.4V 
po Off-State Output Current Voc = MAX. oO 


cs 
ira aA 
oy. — uA 
eam 


(Receiver Outputs) Vo =0.4V 


| 
(=) 
~w 
nN 








SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Am2915AXM Am2915AXC 


Typ. Typ. 
(Note 2) Max. 











Parameters Description Test Conditions 


tPHL 
pte | Driver Clock (DRCP) to Bus 
CL (BUS) = 50pF 


tZH, tZL RL (BUS) = 1302 
tHZ.tLZ 


ts 
Data Inputs (A or B} 
th 
ts 
Select Input (S) 
“th: ; 


Driver Clock (DRCP) Pulse Width 
(HIGH) 















Bus Enable (BE) to Bus 







tpw 





wW 
oO 


nN N1&® 1M nN] 


tPLH Bus to Receiver Output 
tPHL (Latch Enable) 


) 
Latch Enable to Receiver Output 


Bus to Latch Enable (RLE) 


Output Control to Recei Output 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second, 









~ 






~ 





= 
~ 
= w& 
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Am2915A 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


ORIVEN INPUT ORIVING OUTPUT 


O OUTPUT, ODD 


lou 





ZN 





Note: Actual current flow direction shown, 


SWITCHING TEST CIRCUIT 





INPUT A R 
Am2915A OR 


*C_ = 15pF for tpLH, tpHL- 
tZL.tZH 
CL = SpF for ty7, tLz 


SWITCHING WAVEFORMS 


DRIVER 
CLOCK 


i= 1, —~o| cai 


a = 


=f 'PLH a 


BUS 
OUTPUT 


RECEIVER 
OUTPUT 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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Am2915A 


FUNCTIONAL TABLE 


INPUTS 


Bi 


INTERNAL 
TO DEVICE | BUS | OUTPUT 
Di Qi 


E BUS; 








[=] # | 


B 
~ 
x 
x 
x 


Pe 


x=} fal 
es) 
re 
mi 
fo) 


x 
x 











Latch received data 











Load driver register 


x Kx * KPXI Or DIN xX] = 








x *TxXx «xX <x KIX) Ic) x 


=p 


FUNCTION 


R; 
Driver output disable 


Receiver output disable 


Driver output disable and 
receive data via Bus input 


No driver clock restrictions 











x|x xx xX K Kj] eo 








bad 


Z = HIGH Impedance 
NC = No change 


x(x KK KK KIKI oT 


Drive Bus 














x 
=| 
x «KIX 


X = Don't care 
t = LOW to HIGH transition 


i=0,1,2,3 


DEFINITION OF FUNCTIONAL TERMS 


Ao. Ai. A2, A3 


Bo, By, Bg, Bg 


The ‘‘A’’ word data input into the two 
input multiplexer of the driver register. 


The ‘‘B’ word data input into the two 
input multiplexers of the driver register. 


Select. When the select input is LOW, the 
A data word is applied to the driver reg- 
ister. When the select input is HIGH, the 
B word is applied to the driver register. 


Driver Clock Pulse. Clock pulse for the 
driver register. 


Bus Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedance 
state. 


Metallization and Pad Layout 


BUSp, BUS, 
BUS>, BUS3 
Ro, R41, R2, R3 


RLE 


ORDERING INFORMATION 
Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type 
(Note 1) 


P-24 
D-24 
D-24 
D-24 
D-24 
F-24 
F-24 
Dice 
Dice 


AM2915APC 
AM2915ADC 
AM2915ADC-B 
AM2915ADM 
AM2915ADM-B 
AM2915AFM 
AM2915AFM-B 


AM2915AXC 
AM2915AXM 


Temperature Range 
Order Number 


(Note 2) 


ZO S222000 








DIE SIZE 074” X .130” 


The four driver outputs and receiver in- 
puts (data is inverted). 


The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 


Receiver Latch Enable. When RLE is 
LOW, data on the BUS inputs is passed 
through the receiver latches. When RLE 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 


Output Enable. When the OE input is 
HIGH, the four three state receiver out- 
puts are in the high-impedance state. 


Screening Level 
~ (Note 3) 


C-1 

C-1 

B-1. 

C-3 

B-3 

C-3 

B-3 
Visual inspection 
to MIL-STD-883 

Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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A CONTROL 8B 


ALU 


OUT 


ADDRESS 
AND 
DATA DISPLAY 





B CONTROL 


APPLICATIONS 


CONTROL 


SCRATCHPAD MASTER 


CONTROL 


OUT 


B CONTROL; 


Am2915A 


REMOTE 
OPERATION 


Am29154 Am2915A Am2915A 


ADDRESS CONTROL 
BUS BUS 





The Am2915A is a universal Bus Transceiver useful for many system data, address, control and 


timing input/output interfaces. 


(/O0 DEVICES MEMORY 
12) A 


Am8228 Am8T26 
Am8T26 Am8T26 


ADDRESS 


a | 


Using the Am2915A and Am8T26 in a terminated Bus system for the Am9080 MOS Microprocessor. 





MPR-166 
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Am2916A 


Quad Three-State Bus Transceiver With Interface Logic 





Distinctive Characteristics 


Quad high-speed LSI bus-transceiver 
Three-state bus driver 

Two-port input to D-type register on driver 

Bus driver output can sink 48mA at 0.5V max. 
Internal odd 4-bit parity checker/generator 
Receiver has output latch for pipeline operation 


FUNCTIONAL DESCRIPTION 


The Am2916A is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D-type edge- 
triggered flip-flops with a built-in two-input multiplexer on 
each. The flip-flop outputs are connected to four three-state 
bus drivers. Each bus driver is internally connected to the 
input of a receiver. The four receiver outputs drive four D-type 
latches. The device also contains a four-bit odd parity checker/ 
generator. 


The LSI bus transceiver is fabricated using advanced low-power 
Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink 
up to 48mA at 0.5V maximum. The bus enable input (BE) is 
used to force the driver outputs to the high-impedance state. 
When BE is HIGH, the driver is disabled. 


The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S is HIGH, the B; data is stored. The 
buffered common clock (DRCP) enters the data into this 
driver register on the LOW-to-HIGH transition. 


Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver out- 
put. Thus, data in non-inverted from driver input to receiver 
output. The four receivers each feature a built-in D-type latch 
that is controlled from the buffered receiver latch enable 
(RLE) input. When the RLE input is LOW, the latch is open 
and the receiver outputs will follow the bus inputs (BUS data 
inverted). When the RLE input is HIGH, the latch will close 
and retain the present data regardless of the bus input. 


The Am2916A features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the bus 
enable is LOW (driver enabled), odd parity is generated based 
on the A or B field data input to the driver register. When BE 
is HIGH, the parity output is determined by the four latch 
outputs of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 
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Receiver outputs sink 12mA 

Advanced low-power Schottky processing 

100% reliability assurance testing in compliance with 
MIL-STD-883 - 

3.5V minimum output high voltage for direct inter- 
face to MOS microprocessors 


LOGIC SYMBOL 


Am2916A 


BUSg BUS, BUS) 


Vec = Pin 24 
GND, =Pin6 
GNDp = Pin 18 


CONNECTION DIAGRAM 
Top View 


Note: Pin 17 is marked for orientation. 





Am2916A 


LOGIC DIAGRAM 


BUSg BUS; BUS2 BUS3 
9° Oo 








5 ODD 
PARITY 


SELECT § 
DRIVER 
clock ORCP 


BUS maine > == RECEIVER 
ENABLE BF QO RE LaTCH ENABLE 





MAXIMUM RATINGS (Above which the useful life may be impaired) 





























Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vec max. 
DC Input Voltage —0.5V to +7V 
DC Output Current, Into Outputs (Except Bus) 30mMA 
DC Output Current, Into Bus 100mA 
DC Input Current —30mA to +5.0mA 





ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2916AXC (COM'L) T, =0°C to +70°C VecMIN. =4.75V  VecMAX. = 5.25V 

Am2916AXM (MIL) Ta =—55°C to+125°C } =9VecMIN.=4.50V. VecMAX. = 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1) Min. Typ. Max. Units 


lot = 24mA 
VoL Bus Output LOW Voltage Vcc = MIN. 
lot = 48mA 
COM'L, IOH = —20mA 
Vou Bus Output HIGH Voltage Vec = MIN. 
MIL, |IQOH = —15mA 


Vo =04V 





Bus Leakage Current Vec = MAX. 
(High Impedance) Bus enable = 2.4V 











Bus Leakage Current Vo =4.5V 
(Power OFF) Vcc =0V 


Receiver Input HIGH Threshold Bus enable = 2.4V 
IL 


Receiver Input LOW Threshold Bus enable = 2.4V 
i Bus O Short Circui coe es 
sc us Output Short Circuit Current Vo =0V 
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Am291 6A 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2916AXC (COM’'L) Ta = 0°C to +70°C 


VecMIN. = 4.75V 
Am2916AXM (MIL) Ta = —55°C to +125°C 


VocMIN. = 4.50V 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Description 


Parameters 





Receiver 
Output HIGH Voltage 


Vou Parity 
Output HIGH Voltage 


Output LOW Voltage 
(Except Bus) 


Voc = 5.0V, loo = —100uA 
Vcc = MIN., IoH = —660uA 
VIN = ViH or Vi“ 


Vec = MIN. 
Vin = Vit or Vio 


for all inputs 


Test Conditions (Note 1) 
MIL: 1gH =—1.0mA 


Vec = MIN. 
Vin = VIL or VI COM'L: IOH = —2.6mA 


Guaranteed input logical HIGH 


VocMAX. = 5.25V 
VecMAX. = 5.50V 


- Typ. 
(Note 2) 


Min 
fom =f a7 faa Cid 


fou=sona_[ | oz7 [oa 
fo =eana [| 0a [ as] 


loL = 12mMA 





Vin Input HIGH Level 
(Except Bus) 
for all inputs 


Vcc = MAX., Vin = 0.4V 


(Except Bus) 
Input LOW Current (Except Bus) 


Guaranteed input logical LOW 


BE, RLE 


All other inputs 








Vcc = MAX., Vin =2.7V 
Vcc = MAX.,, Vin = 7.0V 


Input LOW Level 
| Vi [| Input Clamp Voltage (Except Bus) | Vcc = MIN., lin = —18MA 


Input HIGH Current (Except Bus) 
ae Input HIGH Current (Except Bus) 


Output Short Circuit Current 


Vv =MAX. 
(Except Bus) of 


IL 

VI 
IL 
1H 
cc 


Power Supply Current Vec = MAX., All Inputs = GND 


SWITCHING CHARACTERISTICS OVER 
OPERATING TEMPERATURE RANGE 


Parameters Description Test Conditions 


Dri lock {(DRCP) to B 
river Clock (DRCP) to Bus C. (BUS) = 50pF 


R_ (BUS) = 1302 





Bus Enable (BE) to Bus 





Data Inputs (A or B) 





Select Inputs (S) 


Clock Pulse Width (HIGH) 








2.0 
—— 
ane 


75 


Am2916AXM 


Typ. 
(Note 2) 


Am2916AXC 


Typ. 


Min. Max. Min. (Note 2) 





Volts 












































Bus to Receiver Output- . -- 
(Latch Enabled) 


Latch Enable to Receiver Output 


Bus to Odd Parity Output 
(Driver Inhibited, Latch Enabled) 


th 
th 
tpw 
th Bus to Latch Enable (RLE) 





A or B Data to Odd Parity Output 
(Driver Enabled) 


Latch Enable (RLE) to 
Odd Parity Output 
































Notes: 1, For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 


2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading, 


3. Not more than one output should be shorted at a time. Duration of the short circuit test shoul not exceed one second. 
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Am2916A 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


ORIVEN INPUT DRIVING OUTPUT 


ct 


O OUTPUT, ODD 


INPUT O 
i : 





Note: Actual current flow direction shown. 
MPR-170 


SWITCHING TEST CIRCUIT 





INPUT A 


R 
ORO Am2916A OR 
INPUT B 


*C,_ = 15pF for tpLy, tpHL. 
tZL-tZH 
Cy. = 5pF for tyz, tLz 


MPR-171 


SWITCHING WAVEFORMS 


DRIVER 
CLOCK 


r tia | 


a i 


mo tPLH ee 


RECEIVER 
OUTPUT 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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Am2916A 


FUNCTION TABLE Metallization and Pad Layout 


INTERNAL 
INPUTS TO DEVICE BUS | OUTPUT 


FUNCTION 


fl 
mi 
aA 


x |x K KK 


Driver output disable 


Receiver output disable 
Driver output disable and 
receive data via Bus input 
Latch received data 


Load driver register 


BE 
- hab 





xmrreryxK|x *{x|x;o 
exe ef e[x [la | 
ze = xe[ [=>] 
>= = p=] lg 
x x x af - 

x 


x KIX KK KIXIO 


z 
a|z- =e [x 
x x|x x|x x x x 








No driver clock restrictions 
NC 


L xX | X L 
Drive Bus 
L xX | X H L 


Z= HIGH Impedance X = Don't care = 0,1, 2,3 
NC = No change t = LOW to HIGH transition 











x x 


exe 
exp | 
> =fe 
P| 
x x*K 


exiced 


DIE SIZE .074” X .130” 


DEFINITION OF FUNCTIONAL TERMS 


Ao. Aj, A2,A3 The “A’’ word data input into the two BUSp, BUS, The four driver outputs and receiver in- 
input multiplexer of the driver register. BUS, BUS3 puts (data is inverted). 


Bo, By, Bz,B3 The “B’’ word data input into the two Ro, R1, 2, R3 The four receiver outputs. Data from the 
input multiplexers of the driver register. bus Is inverted while data from the A or B 


; : inputs is non-inverted. 
Select. When the select input is LOW, the i 


A data word is applied to the driver reg- Receiver Latch Enable. When RLE is 
ister. When the select input is HIGH, the LOW, data on the BUS inputs is passed 
B word is applied to the driver register. through the receiver latches. When RLE 

is HIGH, the receiver latches are closed 
Driver Clock Pulse. Clock pulse for the and will retain the data independent of 
driver register. all other inputs. 


Bus Enable. When the Bus Enable is HIGH, Output Enable. When the OE input is 
the four drivers are in the high impedance HIGH, the four three state receiver out- 
state. puts are in the high-impedance state. 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type Temperature Range’ Screening Level 
Order Number (Note 1) (Note 2)” (Note 3) 


AM2916APC P-24 C-1 
AM2916ADC D-24 C-1 
AM2916ADC-B D-24 B-1 
AM2916ADM D-24 C-3 
AM2916ADM-B D-24 B-3 
AM2916AFM F-24 C-3 
AM2916AFM-B F-24 B-3 


AM2916AXC Dice Visual inspection 


i to MIL-STD-883 
AM2916AXM Dice Method 2010B. 


ZO £2522000 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C= 0°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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Am2916A 
APPLICATIONS 


SELECT 


CLOCK 


Am2916A Am2916A Am2916A 


BUS 
ENABLE 


LATCH 
— ENABLE 





ODD/EVEN 
CONTROL 
L=EVEN 


H= ODD 
Py Po Pg Pq Pa Pe P7 Pg Pg 


Am82S62 


EVEN 





CHECK 
PARITY OUTPUT 


Generating or checking parity for 16 data bits. 


V/O DEVICES MEMORY 


| ance | Am8T26 Am2916A } amas | Am8T26 Am2916A | anazen_| Favors | 
} anarze_ | | ans ETTITITl i | | 


ADDRESS 





Using the Am2916A and Am8T26 in a terminated Bus system for the Am9080: MOS Microprocessor 
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Am2917A 


Quad Three-State Bus Transceiver With Interface Logic 





Distinctive Characteristics 


Quad high-speed LSI bus-transceiver 
Three-state bus driver 

D-type register on driver 

Bus driver output can sink 48mA at 0.5V max. 
Internal odd 4-bit parity checker/generator 
Receiver has output latch for pipeline operation 


FUNCTIONAL DESCRIPTION 


The Am2917A is a high-performance, low-power Schottky bus 
transceiver intended for bipolar or MOS microprocessor system 
applications. The device consists of four D-type edge-triggered 
flip-flops. The flip-flop outputs are connected to four three- 
state bus drivers. Each bus driver is internally connected to the 
input of a receiver. The four receiver outputs drive four D-type 
latches, that feature three-state outputs. The device also con- 
tains a four-bit odd parity checker/generator. © 


The LS! bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink up to 
48mA at 0.5V maximum. The bus enable input (BE) is used to 
force the driver outputs to the high-impedance state. When BE 
is HIGH, the driver is disabled. 


The input register consists of four D-type flip-flops with a 
buffered common clock. The buffered common clock (DRCP) 
enters the Aj data into this driver register on the LOW-to- 
HIGH transition. 


Data from the A input is inverted at the BUS output. Like- 
wise, data at the BUS input is inverted at the receiver output. 
Thus, data is non-inverted from driver input to receiver output. 
The four receivers each feature a built-in D-type latch that is 
controlled from the buffered receiver latch enable (RLE) 
input. When the RLE input is LOW, the latch is open and the 


receiver outputs will follow the bus inputs (BUS data inverted 
and OE LOW). When the RLE input is HIGH, the latch will 
close and retain the present data regardless of the bus input. 
The four latches have three-state outputs and are controlled 
by a buffered common three-state control (OE) input. When 
OE is HIGH, the receiver outputs are in the high-impedance 
state. 


The Am2917A features ‘a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the bus 
enable is LOW (driver enabled), odd parity is generated based 


"on the A field data input to the driver register. When BE is 


HIGH, the parity output is determined by the four latch out- 
puts of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 


@ Three-state receiver outputs sink 12mA 

@ Advanced low-power Schottky processing 

@ 100% reliability assurance testing in compliance with 
MIL-STD-883 

@ 3.5V minimum output high voltage for direct inter- 
face to MOS microprocessors 


LOGIC SYMBOL 


Am2917A 


Vec= Pin 20 
GND, =Pin5 
GND92= Pin 15 


CONNECTION DIAGRAM 
Top View 


Am2917A 


Note: Pin 1 is marked for orientation. 
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Am2917A 


LOGIC DIAGRAM 


45 ae OUTPUT 


© OE CONTROL 








) > O—O PARITY 
| > 9 
=e ta 


DRIVER 
clock DRCPO 
RECEIVER 
BUS aE ATE 
BE Om | ORLE LATCH 
ENABLE ENABLE 





MAXIMUM RATINGS (Above which the useful life may be impaired) 


















































Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential -0.5 V to +7 V 
DC Voltage Applied to Outputs for HIGH Output State -0.5 V to +Vcc max. 
DC Input Voltage -0.5 Vto+7 V 
DC Output Current, Into Outputs (Except BUS) | 30 mA 
DC Output Current, Into Bus 100 mA 
DC Input Current -30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2917AXC (COM'L) Ta =0°C to+70°C VecMIN. =4.75V  VecMAXx. = 5.25V 

Am2917AXM (MIL) Ta = 55°C to+125°C VoacMIN.=4.50V VccMAX. = 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1) Min. Typ. Max. Units 


Bus Output LOW Voltage Vec = MIN. 
Bus Output HIGH Voltage Vec = MIN. 


Bus Leakage Current 
(High Impedance) 
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Am2917A 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Ta =0°C to +70°C 


TA = —55°C to +125°C 


VecMIN. = 4.75 V 
VecMIN. = 4.50V 


Vec MAX. =5.25V 
Vec MAX. =5.50V 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 



























































Input HIGH Current (Except Bus) 


Vcc = MAX., Vin = 7.0V 

















Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 
Vcc = MIN. MIL: loy =—1.0mA 
VoH Receive! Vin = Vit or Ving COM'L: Igy = —2.6mA | | Volts 
Output HIGH Voltage 
Vec = 5.0V, loy = —100nA 3.5 
i Vec = MIN., | = —660yuA M 2.5 3.4 
Vou Parity cc OH u IL Volts 
Output HIGH Voltage VIN = Vin or Vip COM’L 2.7 3.4 
- MN loL = 4.0mA 0.27 0.4 
Output LOW Voltage cc > : = 
Vv | =8.0mA Volt 
OL fe xccot Bild Viewing OL eee 0.45 olts 
loL = 12mA 0.37 0.5 
Vin Input HIGH Level Guaranteed input logical HIGH 20 | Volts 
(Except Bus) for all inputs 
Vib Input LOW Level Guaranteed input logical LOW | MIL 0.7 Volts 
(Except Bus) for all inputs COM'L 0.8 
Input Clamp Voltage (Except Bus) Vec = MIN., jn = —18MA =1.2 Volts 
BE, RLE | —0.72 
UL Input LOW Current (Except Bus) Voc = MAX., Vin = 0.4V mA 
All other inputs —0.36 
NH Input HIGH Current (Except Bus) Vcc = MAX., Vin = 2.7V 20 


Output Short Circuit Current 
(Except Bus) 


an 
ea 


lec Power Supply Current 


Off-State Output Current 
: = MAX. 
(Receiver Outputs) vec a 


Parameters Description 
tPHL 


tPLH 


Driver Clock (ORCP) to Bus 


i 


Vec = MAX. 


Test Conditions 





CL (BUS) = 50pF 








R__ BUS) = 1302 








tZH, t2L pam 

Bus Enable (BE) to Bus 
tHZ, tLZ 
ts 







A Data Inputs 








Clock Pulse Width (HIGH) 








Bus to Receiver Output 
(Latch Enabled) 











Latch Enable to Receiver Output 












Bus to Latch Enable (RLE) 








A Data to Odd Parity Out 
(Driver Enabled) 












Bus to Odd Parity Out 
(Driver Inhibit) 









Latch Enable (RLE) to Odd 
Parity Output 









\ 


Output Control to Output 











Notes: 1. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 





CL =5pF, Ry =2.0kQ 
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RECEIVER 


—30 





PARITY ~20 
Voc = MAX. 


Typ. 
Min. 


Am2917AXM 


(Note 2) 












uA 
pA 
mA 
mA 
vorav [fT 
Woroav | 







Am2917AXC 


Typ. 
(Note 2) 






Max. Min. Max. 

































































Units 


ns 





























For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 


Am2917A 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


s 


DRIVEN INPUT DRIVING OUTPUT 


Je 


O OUTPUT, ODD 


INPUT O NT = ee 
q 








Note: Actual current flow direction shown. 
MPR-178 


SWITCHING TEST CIRCUIT 





INPUT A 


R 
ORO Am2917A OR 
INPUT B ooD 


*C_ = 15pF for tpLH, tPHL, 
tZL-tZH 
CL = 5pF for tyz, tLz 


MPR-179 


DRIVER 
CLOCK 


A INPUT 


OUTPUT 


RECEIVER 
OUTPUT 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 





MPR-180 
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Am2917A 


FUNCTION TABLE 





INTERNAL 
INPUTS TO DEVICE | BUS | OUTPUT 


ree 
Driver output disable 
| x | pepebe oe ce ea | Receiver output disable _| output | Receiver output disable _| 


Driver output disable and 
receive data via Bus input 
. bebete beth ‘NC | Latch received data received data 


N 
c No driver clock restrictions 
NC 


Drive Bus 


FUNCTION 


ace 


x xX 


| oa arver reste | driver | oa arver reste | 


x x 


Pee 
b|- =| x 
ee 


H = HIGH 
L= LOW 


Z = HIGH Impedance 
NC = No change 


X = Don’t care 
t = LOW to HIGH transition 


i=0,1,2,3 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening level. 


Package 
Type 
(Note 1) 


P-20 
D-20 
D-20 
D-20 
D-20 
F-20 
F-20 


Temperature 
Range 
(Note 2) 


Screening 
Level 
(Note 3) 


C-1 

C-1 

B-1 

C-3 

B-3 

C-3 

B-3 
Visua! inspection 
to MIL-STD-883 
Method 2010B. 


Order 
Number 


AM2917APC 
AM2917ADC 
AM2917ADC-B 
AM2917ADM 
AM2917ADM-B 
AM2917AFM 
AM2917AFM-B 


AM2917AXC 
AM2917AXM 


Dice 
Dice 


ZO 2222000 


| 


Notes: 

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- 
ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the var- 
iations of the package may be used unless otherwise specified. 

. C = 0°C to +70°C, M = —55°C to +125°C. 

. See Appendix A for details of screening. Levels C-1 and C-3 con- 
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
883, Class B. 
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Metallization and Pad Layout 








DIE SIZE .074" X .130” 


DEFINITION OF FUNCTIONAL TERMS 


DRCP Driver Clock Pulse. Clock pulse for the driver register. 


BE Bus Enable. When the Bus Enable is LOW, the four 
drivers are in the high impedance state. 


BUSo, BUS;, BUS2, BUS3 The four driver outputs and 
receiver inputs (data is inverted). 


Ro, R1, R2, R3 The four receiver outputs. Data from the 
bus is inverted while data from the A or B inputs is non- 
inverted. 


RLE Receiver Latch Enable. When RLE is LOW, data on the 
BUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the 
data independent of all other inputs. 


ODD Odd parity output. Generates parity with the driver 
enabled, checks parity with the driver in the high-impedance 
state. 


OE Output Enable. When the OE input is HIGH, the four 


three-state receiver outputs are in the high-impedance state. 
PARITY OUTPUT FUNCTION TABLE 


| BE | ODD PARITY OUTPUT 
L 


ODD = Ag ® Aj ® A? ® AZ 
ODD = Qg © Q; © Q2 © Q3 





Am2917A 


APPLICATIONS 


A 


Am2917A 
ADDRESS REGISTER 


BUS 


Am2918 
STATUS REGISTER 
A 


Am2917A 
DATA 
REGISTER 


R 


MAIN 
MEMORY 


FLAGS Y 


A 


Am2909 
Am2917A MICROPROGRAM I Am2901 





SEQUENCER . BIPOLAR — 
R MICROPROCESSOR 








D 


ROM/PROM 
MICROCODE 


Am2918 
MiCROWORD 
REGISTER 





The Am2917A can be used as an I/O Bus Transceiver and Main Memory |/O Transceiver 
in high-speed Microprocessor Systems. 


MPR-181 


Am9080A (/O DEVICES MEMORY 
D A 


[ Am8228 Am8T26 Am2917A Am2917A Am2917A 
T | | | | | | | 


DATA 


1 | Se | | ee | ee 


ADDRESS 


res | ee 


Using the Am2917A and Am8T26 in a terminated Bus system for the Am9080 MOS Microprocessor. 
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Am3212°-Am8212 


Eight-Bit Input/Output Port 





Distinctive Characteristics @ Available for operation over both commercial and 

@ Fully parallel, 8-bit data register and buffer replacing military temperature ranges. 
latches, multiplexers and buffers needed in micro- 
processor systems. 

e@ 4.0V output high voltage for direct interface to MOS 
microprocessors, such as the Am9080A family. 

® [Input load current 250uA max. @ Three-state outputs sink 15mA 


@ Reduces system package count @ Asynchronous register clear with clock over-ride 


e@ Advanced Schottky processing with 100% reliability 
assurance testing in compliance with MIL-STD-883. 


e@ Service request flip-flop for interrupt generation 


FUNCTIONAL DESCRIPTION CONNECTION DIAGRAM 


All of the principal peripheral and input/output functions Top View 


of a Microcomputer System can be implemented with the 
Am3212 @ Am8212. The Am3212 @ Am8212 input/output 
port consists of an 8-latch with 3-state output buffers along 
with contro! and device selection logic, which can be used to 
implement latches, gated buffers or multiplexers. 


LOGIC DIAGRAM 


SERVICE Am3212 


1 
) > REQUEST FF : Am8212 


C) 
DEVICE S 
SELECTION bdp°a 
SR 
ACTIVE LOW 


EN 


OUTPUT 
BUFFERS 


ia 


eal ae Note: Pin 1 is marked for orientation. 

Cc LIC-424 
R 
O 


DATA LATCHES —= 


oy 


PIN DEFINITION 


ee 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 


Hermetic DIP —55°C to +125°C AM8212DM 
Hermetic DIP O°C to +70°C D8212 
Molded DIP O°C to +70°C P8212 
Dice o°C to +70°C AM8212XC 
Hermetic DIP 0°C to +70°C D3212 
| Hermetic DIP —55°C to +125°C MD3212 
-__— LIC-423 


Molded DIP o°C to +70°C P3212 


ye 


od Qa 
O 


- 
ti 
if 
eed 
| 
i 
i. 


LF 


if 


o fo) fv] 
eo 
o E fo) 


ie 


ai 
ie 


i 


a 
IF 


RESET 
DRIVER 


D0 


U 
ee 


(ACTIVE LOW) 
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.__|__Am3212_@ Am8212_to. be. connected. directly-onto-the.micro- 


FUNCTIONAL DESCRIPTION (Cont'd) 


Data Latch 


The 8 flip-flops that make up the data latch are of a ‘‘D’’ type 
design. The output (Q) of the flip-flop will follow the data 
input (D) while the clock input (C) is high. Latching will occur 
when the clock (C) returns low. 


The data latch is cleared by an asynchronous reset input 
(CLR). (Note: Clock (C) Overrides Reset (CLR)). 


Output Buffer 


The outputs of the data latch (Q) are connected to 3-state, 
non-inverting output buffers. These buffers have a common 
control line (EN); this control line either enables the buffer 
to transmit the data from the outputs of the data latch (QO) 
or disables the buffer, forcing the output into a high im- 
pedance state. (3-state). This high-impedance state allows the 


Am3212/Am8212 


MD (Mode) 


This input is used to control the state of the output buffer and 
to determine the source of the clock input (C) to the data 
latch. 


When MD is high (output mode) the output buffers are en- 
abled and the source of clock (C) to the data latch is from the 
device selection logic (DS, * DS>). 


When MD is low (input mode) the output buffer state is 
determined by the device selection logic (DS, - DS2) and the 
source of clock (C) to the data latch is the STB (Strobe) input. 


STB (Strobe) 


This input is used as the clock (C) to the data latch for the 
input mode MD = 0) and to synchronously reset the service 
request flip-flop (SR). 





Note that the SR flip-flop is negative edge triggered. 





processor bi-directional data bus. 


Contro! Logic 


The Am3212 @ Am8212 has control inputs DS;, DSz, MD 
And STB. These inputs are used to control device selection, 
data latching, output buffer state and service request flip-flop. 


DS,, DS> (Device Select) 


These 2 inputs are used for device selection. When DS; is low 
and DS» is high (DS; - DS) the device is selected. In the 
selected state the output buffer is enabled and the service 
request flip-flop (SR) is asynchronously set. 





Service Request Flip-Flop 


The SR flip-flop is used to generate and control interrupts 
in microcomputer systems. It is asynchronously set by the 
CLR input (active low). When the (SR) flip-flop is set it is in 
the non-interrupting state. 


The output of the (SR) flip-flop (Q) is connected to an in- 
verting input of a “NOR” gate. The other input to the “NOR” 
gate is non-inverting and is connected to the device selection 
logic (DS; + DS). The output of the “NOR” gate (INT) is 
active low (interrupting state) for connection to active low 
input priority generating circuits. 





TRUTH TABLE 


| DS;—Ds2 | Data Out Equals 
ee 


| o | 
a 





CLR — Resets Data Latch 


a a 
a ae 
| 
pt ft | oo | ata atch | 
Ea 
Os 
pt 
Eat 





— Sets SR Flip-Flop (no effect on Output Buffer) 


*\|nternal SR Flip-Flop 
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Am3212/Am8212 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


























Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage —0.5V to +7.0V 
Output Voltage —0.5V to +7.0V 
Input Voltages —1.0V to +5.5V 
Output Current (Each Output) 125mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


P8212, D8212, P3212, D3212 (COM'L) Ta =0°C to +70°C Vec = 5.0V + 5% 

Am8212DM, MD3212 (MIL) Tp = —55°C to +125°C Vcc = 5.0V + 10% 

DC CHARACTERISTICS Typ 

Parameters Description Test Conditions Min. (Note 1) Max. Units 


Input Load Current z 

IF ACK, DS9, CR, Dly — Dig Inputs VE ORY 
Input Load Current MD Input Ve = 0.45V 
Input Load Current DS Input Ve = 0.45V 


Input Leakage Current x 
ACK, DS, CR, Dl — Dig Inputs Va eeny 
Input Leakage Current MO Input VR = 5.25V 
input Leakage Current DS Input 





Input Forward Voltage Clamp ! 








Input LOW Voltage 





Input HIGH Voltage 
Output LOW Voltage 


I =—1.0mA 
Output HIGH Voltage 


IoH = —0.5mA 
Short Circuit Output Current 


Vo = 0.45V/5.25V 








AC CHARACTERISTICS (Note 3) Typ. 


Parameters Description Min. (Note 1) Max. Units 





CAPACITANCE (Note 4) 


F= 1.0MHz, Vejas = 2-5V, Voc = +5.0V, Ta = 25°C TEST LOAD (15mA and 30pF) 


Parameters Description Typ Max. Units 


Vec 
Cin DS1 MD tnput Capacitance 
3002 
CIN DS, CK, ACK, Dly—Dlg 
Input Capacitance TO D.U.T. 
CoutT DO,—DOg Output Capacitance 
*30pF 6002 
Notes:1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. il 
2. CLR =STB = HIGH; DS; = DS9g = MD = LOW; all data inputs are gound, all data outputs are open. a5 == 


3. Conditions of Test: a) Input pulse amplitude = 2.5V 





b) Input rise and fall times 5.0ns *Including Jig and Probe 
c) Between 1.0V and 2.0V measurements made at 1.5V with 15mA and 30pF Test Load. Capacitance. 
4. This parameter is sampled and not 100% tested. LIC-425 


4-127 


Am3212/Am8212 


TIMING DIAGRAM 


STB or DS} « DS5 


OUTPUT 


DS; * D5 











STB or DS; * DS5 


OUTPUT 


LIC-426 


Note: Alternative Test Load. 


Vcc 


LIC-427 
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Am3212/Am8212 


INPUT CURRENT — pA 


DATA TO OUTPUT DELAY — ns 


Input Current Versus 
Input Voltage 























INPUT VOLTAGE — VOLTS 


Data to Output Delay 
Versus Load Capacitance 




















50 100 150 200 250 300 


LOAD CAPACITANCE — pF 


INPUT DEVICE 


Am3212 
Am8212 


LIC-429 


INPUT 


Am3212 
Am8212 


SYSTEM 
INPUT 


TYPICAL CHARACTERISTICS 


Output Current Versus 
Output LOW Voltage 








OUTPUT CURRENT ~— mA 





0.2 0.4 0.6 0.8 


OUTPUT LOW VOLTAGE — VOLTS 


Data to Output Delay 
Versus Temperature 











DATA TO OUTPUT DELAY -- ns 


TEMPERATURE — °C 


LOGIC SYMBOLS 


Detailed 


Symbolic 


DATA 8US DATA BUS 
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OUTPUT CURRENT — mA 


WRITE ENABLE TO OUTPUT DELAY — ns 


Output Current Versus 
Output HIGH Voltage 

















3.0 4.0 5.0 


OUTPUT HIGH VOLTAGE — VOLTS 


Write Enable to Output Delay 
Versus: Temperature 


























50 75 100 


TEMPERATURE -- °C LIC-428 


OUTPUT DEVICE 


Am3212 
Am8212 


LIC-430 


OUTPUT 


FLAG 


SYSTEM 
OUTPUT 


Am3212 
Am8212 


LIC-432 





Am3212/Am8212 


TYPICAL APPLICATIONS OF THE Am8212 


GATED BUFFER (3-STATE) 


By tying the mode signal low and the strobe input high, the 
data latch is acting as a straight through gate. The output 
buffers are then enabled from the device selection logic DS, 


and DS9. OUTPUT 
INPUT Am3212 DATA 


i i ici - DALA (15mA} 
When the device selection logic is false, the outputs are 3-state. iocone Am8212 ee 


When the device selection logic is true, the input data from the 
system is directly transferred to the output. 


GATING 
CONTROL 
(DS;—DS>) 





LIC-433 


Bi-Directional Bus Driver 


Two Am3212 ®© Am8212’s wired back-to back can be used as 
a symmetrical drive, bi-directional bus driver. The devices are 
controlled by the data bus input control which is connected 
to DS1 on the first Am3212 @ Am8212 and to DS on the 
second. While one device is active, and acting as a straight 
through buffer the other is in its 3-state mode. 





Am3212 
Am8212 


DATABUS —__ 
CONTROL 


Am3212 
Am8212 
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Interrupting Input Port eres OAT A:BUS 
The Am3212 @ Am8212 accepts a strobe from the system 
input source, which in turn clears the service request flip-flop 
and interrupts the processor. The processor then goes through 
a service routine, identifies the port, and causes the device 
. . * . SYSTEM 
selection logic to go true — enabling the system input data INPUT Filer 
onto the data bus. 


SYSTEM 
RESET 


TO PRIORITY CKT 
PORT ——= (acTIVE Low) 
SELECTION 
(DS4—DSp) TO CPU 
INTERRUPT INPUT 


LIC-435 
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Am3212/Am8212 


TYPICAL APPLICATIONS OF THE Am8212 (Cont'd) 


Interrupt Instruction Port 


The Am3212 @ Am8212 can be used to gate the interrupt 
instruction, normally RESTART instructions, onto the data 
bus. The device is enabled from the interrupt:acknowledge 
signal from the microprocessor and from a port selection sig- 
nal. This signal is normally tied to ground. (DS4 could be 
used to multiplex a variety of interrupt instruction ports onto 
a common bus). 
Vee 


DATA BUS 


RESTART 
INSTRUCTION 
(RST O~ RST 7) 


Am3212 
Am8212 


PORT on 


SELECTION (DSj) 


INTERRUPT 


LIC-436 ACKNOWLEDGE ——*" 


Am9080A Status Latch 


The input to the Am3212 @ Am8212 latch comes directly 
from the Am9080A data bus. Timing shows that when 
the SYNC signal is true (DS7 input), and 1 is true, 


Am9080A 


CLOCK GEN. 
& DRIVER 


'e Ww 


Fr 


Output Port (With Hand-Shaking) 


The Am3212 @ Am8212 is used to transmit data from the 
data bus to a system output. The output strobe could be a 
hand-shaking signal such as “reception of data’’ from the de- 
vice that the system is outputting to. It in turn, can interrupt 
the system signifying the reception of date. The selection of 
the port comes from the device selection logic. (DS4 - DS9). 


—— 


DATA BUS OUTPUT STROBE 


Am3212 


SYSTEM OUTPUT 
Am8212 


SYSTEM RESET 


PORT SELECTION 
(LATCH CONTROL) 


SYSTEM (68, —Ds>) 


INTERRUPT LIC-437 


(DS1 input) then the status data will be latched into the 
Am3212.@ Am8212. The mode signal is tied high so that 
the output on the latch is active and evabled all the time. 


Do 
Dy 
Dg 
D3 
DATA BUS 
D4 
Ds 


Dg 


VT ETN 


D7 


STATUS LATCH 


Am3212 


Am8212 


oul 
eel 


BASIC status 
CONTROL 


BUS 
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Am3216 -Am3226 -Am8216 -Am8226 


Four-Bit Parallel Bidirectional Bus Driver 





Distinctive Characteristics 





*——|—The-non-inverting—Am3216—and—Am8216;—and~—inverting—— special-high voltage-output drive-capability-so that direct inter-— 


Data bus buffer driver for 8080 type CPU’s 

Low input load current — 0.25mA maximum 

High output drive capability for driving system data 
bus — 50mA at 0.5V 

100% reliability assurance testing in compliance with 
MIL-STD-883 

Am3216 and Am8216 have non-inverting outputs 


FUNCTIONAL DESCRIPTION 


The Am3216, Am3226, Am8216 and Am8226 are four-bit, 
bi-directional bus drivers for use in bus oriented applications. 


Am3226 and Am8226 drivers are provided for flexibility in 
system design. 


Each buffered line of the four bit driver consists of two 
separate buffers that are three-state to achieve direct bus inter- 
face and bi-directional capability. On one side of the driver the 
output of one buffer and the input of another are tied together 
(DB), this side is used to interface to the system side com- 
ponents such as memories, I/O, etc., because its interface is 
TTL compatible and it has high drive (50mA). On the other 
side of the driver the inputs and outputs are separated to 
provide maximum flexibility. Of course, they can be tied 


e Output high voltage compatible with direct interface 
to MOS ‘ : 

@ Three-state outputs - 

@ Advanced Schottky processing 

@ Available in military and commercial temperature 
range 

@ Am3226 and Am8226 have inverting outputs 


together sq that the driver can be used to buffer a true bi-direc- 
tional bus. The DO outputs on this side of the driver have a 


face to the 8080 type CPUs is achieved with an adequate 
amount of noise immunity. 


The CS input is a device enable. When it is “high” the output 
drivers are all forced to their high-impedance state. When it is 
a “LOW” the device is enabled and the direction of the data 
flow is determined by the DIEN input. 


The DIEN input controls the direction of data flow which is 
accomplished by forcing one of the pair of buffers into its high 
impedance state and allowing the other to transmit its data. A 
simple two gate circuit is used for this function. 





LOGIC DIAGRAMS 


Am3216 © Am8216 
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ORDERING INFORMATION 


Am3216 
Am8216 


Order 
Number 


Am3226 
Am8226 


Order 
Number 


Package 
Type 


Temperature 
Range 


MD3216 
D3216 
P3216 

MD8216 


MD3226 
D3226 
P3226 

MD8226 

D8216 D8226 
P8216 P8226 
AM8216XC. AM8226XC 


—55°C to +125°C 
0°C to +70°C 
0°C to +70°C 

—55°C to +125°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


Hermetic DIP 
Hermetic DIP 
Molded DIP 
Hermetic DIP 
Hermetic DIP 
Molded DIP 
Dice 


Note: Pin 1 is marked 


Am3226 ¢ Am8226 


CONNECTION DIAGRAM 
Top View 


— e 
CHIP SELECT ¢S[ 1 
——~ DATAIN ENABLE 
DATA OUTPUT DI 
CoL}2 15 [_] BIEN a iRection CONTROL) 
DATA BUS 
BI-DIRECTIONAL 
DATA BUS 


Am3216 3 
BI-DIRECTIONAL 


Am3226 
Am8216 
DATA OUTPUT DO; pret 
DATA BUS 
BIDIRECTIONAL °81[_] 6 
DATA BUS 
2 BIDIRECTIONAL 


g9[ |] Dl DATA INPUT 


DATAINPUT DIy[_] 7 


for orientation. 
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Am3216/3226/8216/8226 
MAXIMUM RATINGS (Above which the useful life may be impaired) 














Temperature (Ambient) Under Bias —55°C to +125°C 
Storage Temperature —65°C to +150°C 
AW Output and Supply Voltages —0.5V to +7.0V 
All Input Voltages —1.0V to +5.5V 
Output Currents 125mA 


Am3216, Am3226, Am8216 AND Am8226 MILITARY 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (-55°C to +125°C) 


The following conditions apply unless otherwise specified: 


MD3216, MD8216, MD3226, MD8226 (MIL) Ta = —55°C to +125°C Vec = 5.0V + 10% 
DC CHARACTERISTICS 
Typ 
Parameters Description Test Conditions Min. nwa ) Max. Units 





























Input Load Current DIEN, CS. =0. —0.15 —0.5 
Input Load Current All Other Inputs =0. —0.08 —0.25 
Input Leakage Current DIEN, cs = 5, oor 


Lire Input Leakage Current DI Inputs 


Input Forward Voltage Clamp I¢ = —5.0mMA 
Am3216, 
Am8216 
VIL Input LOW Voltage 
Am3226, 
Am8226 


Input HIGH Voltage | | 
=e 
pene 





Volts 

















Volts 





Volts 





a 
Output Leakage Current 
= 
Am8216 
. — ee ee 














































































Am3226 
Am8226 
DO Outputs Io, = 15mMA 
Vv LOW Vol 
Output LOW Voltage DB Outputs Igy. = 45mA 0.6 | Volts 
1QH = —0.5mA 
VoH1 Output HIGH Voltage DO Outputs Volts 
1OH = —2.0mA = 
VOH2 Output HIGH Voltage DB Outputs IOy = —5.0MA Volts 



















DO Outputs = OV, Vcc = 5.0V 
DB Outputs = OV, Vcc = 5.0V 


—15 






Output Short Circuit Current 





—120 


AC CHARACTERISTICS 


Typ. 
Parameters Description Test Conditions Min. (Note1) Max. Units 


Input to Output Delay DO Outputs CL = 30pF, Ry = 3002, R2 = 6002 
Am3216, Am8216 

Input to Output Delay DB Outputs Cy = 300pF, Ry = 902, R2 = 1802 
Am3226, Am8226 


Am3216 


























Output Enable Time Am8216 
Am3226, Am8226 
Am3216, Am8216 
Am3226, Am8226 




















Output Disable Time 
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Am3216/3226/8216/8226 


Am3216, Am3226, Am8216 AND Am8226 COMMERCIAL 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (0°C to +70°C) 


The following conditions apply unless otherwise specified: 
D3216, D8216, D3226, D8226, P3216, P8216, P3226, P8226 (COM’L) Ta = O0°C to +70°C Vcc = 5.0V + 5% 


DC CHARACTERISTICS 


: Typ. 
Parameters Description ; Test Conditions Min. (Note1) Max. Units 


Input Load Current DIEN, cs 
























Input Load Current All Other Inputs 
Input Leakage Current DIEN, cs 








Input Leakage Current DI Inputs 





Input Forward Voltage Clamp 





Input LOW Voltage 





Input HIGH Voltage 





Output Leakge Current Vo = 0.45V/5.5V 


(Three-State) 














Am3216, Am8216 
Am3226, AmM8226 











Power Supply Current 








DB Outputs lo, = 15mA 
DB Outputs IOL = 25mA 


DB Outputs Io, = 55mA 
DB Outputs Io, = 50mA 0.5 
DO Outputs Igq =—1.0mMA COM’L | 3.65 4.0 
DB Outputs IoH = —10mA 2.4 3.0 
DO Outputs = OV 
DB Outputs Vcc = 5.0V 


Volts 










Output LOW Voltage 


















Am3216, Am8216 
Am3226, Am8226 


Output LOW Voltage 





Volts 














Output HIGH Voltage 
Output HIGH Voltage 














Volts 




















Output Short Circuit Current 











AC CHARACTERISTICS 


Typ. 
Parameters Description Test Conditions Min. (Note1) Max. Units 


Input to Output Delay DO Outputs CL =30pF, R14 = 3000, Ro = 6002 





Am3216, Am8216 
Am3216 
Output Enable Time Am8216 
Am3226, Am8226 


Input to Output Delay DB Outputs CL = 300pF, R14 = 902, Ro = 1802 




















Output Disable Time 








TEST CONDITIONS TEST LOAD CIRCUIT 


Input pulse amplitude of 2.5V. 
Input rise and fall times of 5.0ns between 1.0 and 2.0 volts. 
Output loading is 5.0mA and 10pF. 


Speed measurements are made at 1.5V levels. 
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Am3216/3226/8216/8226 


CAPACITANCE (Note 5) Typ. 


Parameters Description Test Conditions Min. (Note 1) Max. Units 
| Cin | Input Capacitance 
ea 
tput t 
OUT! utput Capacitance Ta= 25°C, f = 1,.0MHz 





Notes: 1. Typical values are for Ta = 25°C, Vcc = 5.0V. 

. DO outputs, CL = 30pF, Ry = 300/10kQ, Ro = 180/1.0kQ2; DB outputs, C_ = 300PF, Ry = 90/10kQ, Ro = 180/1.0k2. 
. DO outputs, Cy = 30PF, Ry = 300/10kQ, Ro = 600/1.0k2; DB outputs, C, = 300pF, Ry = 90/10kQ2, Ro = 180/1.0k2. 
. DO outputs, CL = 5.0pF, Ry = 300/10k, Ro = 600/1.0kQ; DB outputs, CL = 5.0pF, Ry = 90/10k2, Ro = 180/1.0k2. 
. This parameter is periodically sampled and not 100% tested. 


aoaran 


SWITCHING WAVEFORMS 


INPUTS 


OUTPUT 
ENABLE 


OUTPUTS 


FUNCTION TABLE 


TYPICAL APPLICATION 


MEMORY 


DI 


DO 
cs fO 


DO 
Am8216 (2) cs fo VOR DIEN Am8216 (2) 


Am8226 (2) Am8226 (2) 


Bt-DIRECTIONAL DATA BUS (8} 


MEMORY AND I/O INTERFACE TO A BI-DIRECTIONAL BUS 
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CHIP SELECT CS 


DATA OUTPUT DOg 


DATA BUS 
BULDIRECTIONAL ~~ 9 


DATA INPUT Dig 


DATA OUTPUT DO, 


DATA BUS 
BIDIRECTIONAL ~~! 


Am3216 
Am8216 








DATA INPUT DI 








DIE SIZE 0.066” X 0.090” 


Metallization and Pad Layout 


DIEN DATA iN ENABLE 
(DIRECTION CONTROL) 


* DO3 DATA OUTPUT 


ppa DATA BUS 
3 BI-DIRECTIONAL 


DI3 DATA INPUT 


DO DATA OUTPUT 


pp» DATA BUS 
2 BL-DIRECTIONAL 


CHIP SELECT CS 


DATA OUTPUT DOg 


DATA BUS 


BI-OIRECTIONAL O80 


DATA INPUT Dig 


DATA OUTPUT DO, 


DATA BUS 


BIDIRECTIONAL 281 





Dig DATA INPUT 


DATA iNPUT Dl, 7 
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Am3216/3226/8216/8226 


Am3226 
Am8226 














DIE SIZE 0.066” X 0.090” 





DATA IN ENABLE 


DIEN (oIRECTION CONTROL) 


003 DATA OUTPUT 


pp, DATA BUS 

3 BIDIRECTIONAL 
Diz DATA INPUT 
DO DATA OUTPUT 


pp> DATA BUS 
2 BIDIRECTIONAL 


Diz DATA INPUT 











DISTINCTIVE CHARACTERISTICS 


Am3448A 


IEEE-488 Quad Bidirectional Transceiver 


Four independent driver/receiver pairs 


Three-state outputs 
High impedance inputs 


Receiver hysteresis — 600mV (Typ.) 
Fast Propagation Times — 50-20ns (Typ.) 
TTL compatible receiver outputs 


Single +5 volt supply 


Open collector driver output option with internal passive 


pull up 


Power up/power down protection (No invalid information 


transmitted to bus) 


No bus loading when power is removed from device 
Required termination characteristics provided 

Advanced Schottky processing 
100% product assurance screening to MIL-STD-883 


requirements 


SEND/ 


RECEIVE A 


PULL-UP 
ENABLE 


SEND/ 


RECEIVE B 
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ORDERING INFORMATION 


Package 
Type 
Hermetic DIP 


Molded DIP 
Dice 


Temperature 
Range 


o°C to +70°C 
0°C to +70°C 
0°C to +70°C 


GENERAL DESCRIPTION 


The Am3448A is a quad bidirectional transceiver meeting the 
requirement of IEEE-488 standard digital interface for pro- 
grammable instrumentation for the driver, receiver, and com- 
posite device load. One pull-up enable input is provided for 
each pair of transceivers which controls the operating mode of 
the driver outputs as either an open collector or active pull-up 
configuration. 


The receivers feature input hysteresis for improved noise im- 
munity in system applications. The device bus (receiver input) 
changes from standard bus loading to a high impedance load 
when power is removed. In addition no spurious noise is gen- 
erated on the bus during power-up or power-down. 


LOGIC DIAGRAM 


BUS 
A 


Order 
Number 


MC3448AL 
MC3448AP 
AM3448AX 


SEND/ 
RECEIVE C 


PULL-UP 
ENABLE 


SEND/ 
RECEIVE D 


LIC-447 


CONNECTION DIAGRAM 
Top View 


SEND/REC. 1° V 
INPUT A oe 
SEND/REC. 


INPUT D 
DATA D 


PULL-UP ENABLE 
INPUT A-B LY 4 BUS? 
PULL-UP ENABLE 
INPUT C-D 


BUS C 


SEND/REC. 
INPUT B DATAG 
SEND/REC. 


INPUT C 


Note: Pin 1 is marked for orientation. LIC-448 
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ABSOLUTE MAXIMUM RATINGS above which the useful life may be impaired 
Storage Temperature 

Supply Voltage 

Input Voltage 

Driver Output Current 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 
Am3448A Ta = 0°C to 70°C Vec MIN. = 4.75V Vcc MAX. = 5.25V 


DC ELECTRICAL CHARACTERISTICS over operating temperature range 


Parameters Description Test Conditions 


Bus Characteristics 


Vic(Bus) 


Bus Pin Open, Vi(s/p) = 0.8V 
Bus Voltage 
kus) = —12mA 
5.0V s Vipus) = 5.5V 
Vipus) = 0.5V 


Vec = OV, OV <= ViBus) <= 2.75V 








(Bus) Bus Current 


Am3448A 


—65°C to +150°C 


7.0V 
5.5V , 
150mA 
Typ. 
Min. (Note 1) Max. 








Driver Characteristics 





Vus/R) = 2.0V, icp) = —18MA 


Driver Input Clamp Voltage 
Vi(s/R) = 2.0V, Vin(p) = 2.0V, 


Driver Output Voltage — High Logic State Vin(e) = 2.0V, low = —5.2mA 


Driver Output Voltage — Low Logic State Vics/R) = 2.0V, lor(p) = 48mA 


Toso) Output Short Circuit Current Viis/R) = 2.0V, Vin(p) = 2.0V 


ViH(E) = 2.0V 


Driver Input Voltage — High Logic State Viig/a) = 2.0V 
Driver Input Voltage — Low Logic State Vis/R) = 2.0V 


05< Vi(D) <2.7V 
Vi(D) = 5.5V 


Driver Input Current — Data Pins Vicsyp) = Vice) = 2.0V 





Receiver Characteristics 


VoL(R) 


Enable, Send/Receive Characteristics 


I 
Input Current — Send/Receive 
lB(S/R) 


Power Supply Current 


Receiver Input Hysteresis Vi(s/R) = 0.8V 
Vi(S/R) = 0.8V, Low to High 


Viis/R) = 0.8V, High to Low 





Receiver Input Threshold 





Viis/R) = 0.8V, lon(R) = —800uA, 


Receiver Output Voltage — High Logic State 
r i ee Vipus) = 2-0V 





Receiver Output Voltage — Low Logic State Vics/R) = 0.8V, loi(R) = 16MA, Vipys) = 0.8V 


Viis/R) = 0.8V, Vipus) = 2.0V 





Receiver Output Short Circuit Current 





0.55 VicS/R) <= 2.7V 
Viis/R) = 5.5V 
0.5 Vi(E) <2.7V 


Input Current — Enable 








Listening Mode — All Receivers On 
Talking Mode — All Drivers On 


Note 1. Typical limits are at Veg = 5.0V, 25°C ambient and maximum loading. 


Power Supply Current 
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Units 


Am3448A 
SWITCHING CHARACTERISTICS (Vcc = 5.0V, T, = 25°C unless otherwise noted) 


Parameters Description Test Conditions Min. Typ. Max. Units 


t Output Low to High 
Propagation Delay of Driver (Fig. 2) elite - ie 
Output High to Low 

t Output Low to High 
Propagation Delay of Receiver (Fig. 1) C - z 
Output High to Low 
Logic High to Third State 
Propagation Delay Time — Send/Receiver to Data Third State to Logic High 


0 

Third State to Logic Low 30 

Logic High to Third State = 30 

Propagation Delay Time — Send/ReceivertoBus | ThirdStatetoLogicHigh = | - | | 30 | 

Fa) Tee Low to Third Site = 
0 


Third State to Logic Low —+— 
t Pull-Up Enable to Open Collector 30 
Turn-On Time — Enable to Bus (Fig. 5) : 


Open Collector to Pull-UpEnable | - | | 20 | 


TRUTH TABLE 


1 1 Data > Bus Active Pull-Up 


X = Don’t Care 














PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS 


TO SCOPE 
(OUTPUT) +5.0V 
O 


——————. 30v 
TO SCOPE 
(INPUT) INPUT —1.5V 1.5V 
ov 


=a |< teLHiR) _ = teHLiR) 


—|———— Vou 
OUTPUT 1.5V 1.5V 
1N916 


OR EQUIV. 


PULSE 
GENERATOR f = 1.0MHz 


trtH = trHL = 5.0ns (10-90%) 
*Includes Jig and Probe Capacitance. Duty Cycle = 50% 


LIC-449 Figure 1. Bus Input to Data Output (Receiver). LIC-450 


TO SCOPE TO SCOPE 
(INPUT) 3.0V (OUPUT) 2.3V 


DRIVER INPUT 
1.5V 1.5V 


teLHiD) —= icc _| i teHL(D) 


— Vou 
PULSE OUTPUT 2.0V 
GENERATOR 0.8V * 


OL 
PULL-UP ENABLE f = 1.0MHz 
trtH = trot = 5.0ns (10-90%) 
*Includes Jig and Probe Capacitance. Duty Cycle = 50% 


LIC-451 Figure 2. Data Input to Bus Output (Driver). LIC-452 
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Am3448A 


PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS (Cont.) 


3.0V 
O 


O— zit TO SCOPE 
(OUTPUT) 


Te 


TO SCOPE 


GENERATOR 


tpzH(D) 


OUTPUT HIGH 
TO OPEN 


LOW OUTPUT 


TO OPEN 10% 


—— tpizip) ——— tpzi(p) 


f = 1.0MHz: 





CL = 15pF (Includes Jig and Probe Capacitance) 





—-—-—----—- tri =-tTHL-S 5.0ns (10-90%)... fhe 
Duty Cycle = 50% 


LIC-453 Figure 3. Send/Receive Input to Bus Output (Driver). LIC-454 


TO SCOPE 
(OUTPUT) 5.0V 


TO SCOPE 
(INPUT) 


PULSE 
GENERATOR 


CL = 15pF (Includes Jig and Probe Capacitance) 


teZHiR) 





OUTPUT HIGH 
TO OPEN 


OUTPUT LOW 


TO OPEN 10% 


—— teizir) l-— tpzicA) 


f = 1.0MHz 
ttLH = trHL = 5.0ns (10-90%) 
Duty Cycle = 50% 


LIC-455 Figure 4. Send/Receive Input to Data Output (Receiver). Lic-456 


TO SCOPE 
(OUTPUT) 


PULL-UP 


TO SCOPE 
(INPUT) 


PULSE 
GENERATOR 


C. = 15pF (Includes Jig and Probe Capacitance) 


3.0V 
INPUT 
ENABLE 1.5V 1.5V 


. | ov 
tpon(e) -- — |-— tpoFF(E) 


‘ 2.0V 90% *oH 
OUTPUT : = 


Voc 


f = 1.0MHz 
ttLH = true < 5.0ns (10-90%) 
Duty Cycle = 50% 


LIC-457 Figure 5. Enable Input to Bus Output (Driver). LiC-458 





Am3448A 


PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS (Cont.) 


TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTICS TYPICAL BUS LOAD LINE 


5.0 











4.0 











3.0 

































































vo, OUTPUT VOLTAGE — VOLTS 














1 
0.5 1.0 1.5 2.0 20 4.0 6.0 
V,, INPUT VOLTAGE — VOLTS Vays: BUS VOLTAGE — VOLTS 


LIC-459 


TYPICAL APPLICATION 


INSTRUMENT 


A 
(WITH GP-IB) 


PROGRAMMABLE 
CALCULATOR 
(WITH GP-1B) 


INSTRUMENT 
8 


(WITH GP-1B) 


16 LINES TOTAL 
(FOUR Am3448A’S FOR EACH BUS INTERFACE) LIC-460 


TYPICAL MEASUREMENT SYSTEM APPLICATION 
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Am54S/74S240 -Am54S/74S241 
Am54S/74S242 -Am54S/74S243 
Am54S/74S244 


Octal Buffers/Line Drivers/Line Receivers With Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


e Three-state outputs drive bus lines directly 
e Advanced Schottky processing 
e Hysteresis at inputs improve noise margin 
e PNP inputs reduce D.C. loading on bus lines 
® Vo, of 0.55V at 64mA for Am74S; 48mA for Am54S 
e Data-to-output propagation delay times: 
Inverting — 7.0ns MAX 
Non-inverting — 9.0ns MAX 


FUNCTIONAL DESCRIPTION 


These buffers/line drivers, used as memory-address drivers, 
clock drivers, and bus oriented transmitters/receivers, pro- 
vide improved PC board density. The outputs of the com- 
mercial temperature range versions have 64mA sink and 
15mA source capability, which can be used to drive termi- 
nated lines down to 1332. The outputs of the military tem- 
perature range versions have 48mA sink and 12mA source 
current capability. 





- @-Enable-to-output-—-15:0ns MAX-———— ear) 

e 100% reliability assurance testing in compliance with 
MIL-STD-883 

@ 20 pin hermetic and molded DIP packages for Am54S/ 
74S240, Am54S/74S241, and Am54S/74S244 


low-current PNP data input, they provide improved noise 
rejection and high-fan-out outputs to restore Schottky TTL 
levels completely. 


The Am54S/74S240, Am54S/74S241 and Am54S/74S244 
have four buffers which are enabled from one common line, 
andthe other four buffers are enabled from another common 
line. The Am54S/74S240 is inverting, while the Am54S/ 
74S241 and Am54S/74S244 present true data at the outputs. 


The Am54S/74S242 and Am54S/74S243 have the two 4-line 
data paths connected input-to-output on both sides to form 
an asynchronous transceiver/buffer with complementing 
enable inputs. The Am54S/74S242 is inverting, while the 
Am54S/74S243 presents non-inverting data at the outputs. 


CONNECTION DIAGRAMS 
Top Views 


Am54S/74S240 Am54S/74S241 


MPR-357 


Am54S/74S242 


Am54S/74S243 Am54S/74S244 


MPR-358 


Note: Pin 1 is marked for orientation. 


MPR-355 MPR-356 


MPR-359 


ORDERING INFORMATION 


Package Temperature 
Type Range 


Hermetic ~55°C to +125°C 
Dice -55°C to +125°C 

Hermetic 0°C to +70°C 

Molded O°C to +70°C 
Dice 0°C to +70°C 


SN54S8240J 
AM54S240X 
SN74S240J 
SN74S240N 
AM74S240X 


SN548241J5 
AM54S241X 
SN748241J 
SN74S241N 
AM74S241X 


Order Number 


Am54S/74S240 Am54S/74S241 Am54S/74S242 Am54S/74S243  Am54S/74S244 


SN54S243J 
AM54S243X 
SN74S8243J 


SN54S242J 
AM54S242X 
SN74S242J 


SN54S244J 
AM54S8244X 
SN74S8244J 
SN74S244N 
AM74S244X 


AM74S8242X AM74S243X 
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Am54S/74S240/241/242/243/244 


LOGIC DIAGRAMS 


Am54S/74S240 Am54S/74S241 Am54S/74S8244 


2A1 
2G iG -O 


LIC-461 LIC-462 


Am54S/74S242 Am54S/74S243 


i: 


Note: All gates have input hysteresis. 


LIG-464 LIC-465 





MAXIMUM RATINGS above which the useful life may be impaired 














Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential -0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vcc max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current 150mA 


DC Input Current : -30mA to +5.0mA 
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ELECTRICAL CHARACTERISTICS 


The Following Conditions Apply Unless Otherwise Noted: 


Am54S 240/S241/S242/S243/S244 (MIL) 
Am748240/S241/S242/S243/S244 (COM’'L) 


Ta = —55°C to +125°C 
Ta =0°C to+70°C 


VeciMIN.) = 4.50V 
Vec(MIN.) = 4.75V 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Am54S/74S8240/241/242/243/244 


Vec(MAx.) = 5,.50V 
Vec(MAx.) = §.25V 


































































Parameters Description Test Conditions (Note 1) Min. no Max. Units | 
Min High-Level Input Voltage 
VIL Low-Level Input Voltage 
Vik Input Clamp Voltage Vec = MIN., I) = —18mA 
Hysteresis (V74 — V7_) Vcc = MIN. 0.2 
VOH High-Level Output Voltage ete Ons ems 
Vec = MIN. | MIL, Ioy =—-12mMA 2.0 
COM’L,I9H=—15mA| 2.0 
VOL Low-Level Output Voltage [Mitton=4ama [| 
ane : a _|_COM'L,.IoL-=64mA pee 

















Off-State Output Current, 












l 
02H High-Level Voltage Applied 
1 Off-State Output Current, 
OZL Low-Level Voltage Applied 
4$_ 
Input Current at Maximum 
I Vv = xX. 
| Input Voltage COSMAS: 
NH High-Level Input Current, Any Input Vcc = MAX., 
AnyA 
Nie Low-Level Input Current Vec = MAX., 
Any G 
los Short-Circuit Output Current (Note 3) 
All Outputs 
HIGH 
Am54S/74S240 | All Outputs Vec = MAX. 
Am54S/74S242 | LOW Outputs open 
Outputs at Hi-Z 
lec Supply Current L 
All Outputs 
HIGH 
mine) (99241! ie Outauts Voc = MAX. 
Am54S/74S243 LOW 
Am54S/748244 GURAUES OPEN 


Outputs at Hi-Z 

















V)| =5.5V 





Vin =2.7V 





Vit =0.5V 












MIL 
COM’L 
MIL 
COM’L 
MIL 
COM'L 
MIL 























COM’L 
MIL 
COM'L 

















Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 


2. All typical values are Vcc = 5.0V, Ta = 25° C. 


3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25°C) 


Parameter Description Test Conditions 


¢ Propagation Delay Time, 
PLH Low-to-High-Level Output 
‘ Propagation Delay Time, 
PHL High-to-Low-Level Output 
Output Enable Time to Low Level 
Output Enable Time to High Level 


CL = 50pF, Rx = 902 (Note 3) 


Am54S/74S240/242 Am54S/748241/243/244 
Typ. Min. Max. 


Units 





Output Disable Time from Low Level ; 
C_ =5.0pF, Ry = 902 (Note 3) 
Output Disable Time from High Level 





Am54S/74S240/241/242/243/244 


LOAD CIRCUIT FOR VOLTAGE WAVEFORMS 
THREE-STATE OUTPUTS ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 


TEST ¥ OuTPUT 
POINT cc CONTROL 


(LOW-LEVEL 
ENABLING) 


WAVEFORM 1 ————__— 
SICLOSED 
S2 OPEN 
FROM OUTPUT ' 
UNDER TEST ie 74 


S1 OPEN 
$2 CLOSED 
WAVEFORM 2 


LIC-467 


LIC-466 


Notes: 1. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
2. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
3. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. PRR < 1.0MHz, ZoutT * 502 
and ty, S 2.5ns, ty < 2.5ns. 


FUNCTION TABLES 


Am54S/74S241 
Am54S/74S242 Am54S/74S240 Am54S/74S243 Am54S/74S244 


INPUTS OUTPUTS INPUTS OUTPUT | inputs __| OUTPUTS |iNPUTS | NPUTS | OUTPUT 


G Y A Y Y 


A 
Zz x Zz L X 
H H L H H 
L L H L 


Z 

H 
H L 
APPLICATIONS 


Am54S/74S241'S USED AS REPEATER/LEVEL RESTORER 


DRIVER RECEIVER 
1/8 'S241 1/8 ‘S241 


LONG sr AER | 
REPEATER eae ULE | REPEATER 
> $241 1/8 ‘S244 1/8 ‘S241 
OUTPUT 
-L. ede 
aT Ts 


ot. 
a 
cag 





INPUT OUTPUT ~ INPUT OUTPUT “INPUT OUTPUT INPUT OUTPUT _ (INPUT OUTPUT 


‘S240 USED AS SYSTEM AND/OR.MEMORY BUS DRIVER — 
4-BIT ORGANIZATION CAN BE APPLIED TO HANDLE BINARY OR BCD 


OUTPUT 
CONTROL 


SYSTEM AND/OR MEMORY-ADDRESS BUS LIC-469 
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Am54S/74S240/241/242/243/244 
APPLICATIONS (Cont.) 


INDEPENDENT 4-BIT BUS PARTY-LINE BUS SYSTEM 
DRIVERS/RECEIVERS WITH MULTIPLE INPUTS, OUTPUTS, AND RECEIVERS 
IN A SINGLE PACKAGE 


Am54$/74 $240: 1/4 S241 PARTY-LINE 114'S241 
—— DRIVER MULTIPLE DRIVER 


[ ei] INPUT/OUTPUT BUS liv; ~~] 
INPUT A INPUT B 


TO OTHER TO OTHER 
BUFFERS BUFFERS 


OUTPUT A OUTPUT B 
OUTPUT | | | | 


PORTS | | | 
| 
Ls zal ey =i 


Seat 
BUS RECEIVERS BUS 
we ee eee ne ees CONTROLS oan nn INPUT? OUTPUT + mmr ree ones CON TRO born rn te mint te a ern ene = fon 


OUTPUT-PORT 
CONTROL 





INPUT-PORT 
CONTROL 


LIC-470 LIC-471 


Metallization and Pad Layouts 


Am54S/74S240 Am54S/74S242 
Am54S/74S241 Am54S/74S8243 
Am54S/74S244 






















































































DIE SIZE 0.077” X 0.124” DIE SIZE 0.077" X 0.124" 
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Am55/75107B * Am55/75108B 


Dual Line Receivers 





Distinctive Characteristics 


@ Input sensitivity 3mV typical 

® Common mode range of +3V 

@ Common mode range of more than +15V using ex- 
ternal attenuator 

@ TTL compatible output 


@ High common mode rejection ratio 

®@ Blocking diodes provide high input impedance 

@ Strobe and gate inputs for flexibility 

® 100% reliability assurance testing in compliance with 
MIL-STD-883 


FUNCTIONAL DESCRIPTION 


The Am55/75107B and Am55/75108B are high speed dual 
line receivers designed for use as data receivers in balanced, 
unbalanced or party-line transmission systems. The two line 
receivers in each package share the common voltage and ground 
busses. The Am55/75107B has a standard active pull-up totem- 
pole output while the Am55/75108B has an open collector 
output for bus organized systems. 


Each receiver has a high impedance differential input for 
minimum transmission line loading. The differential inputs of 
the Am55/75107B and Am55/75108B are designed to detect 


input signals of 25mV or greater and provide TTL compatible 
outputs. 


SCHEMATIC DIAGRAM 
(One Receiver Shown) 


eo. 


E 


All devices contain blocking diodes in the input differential 
transistor pair collectors to provide high input impedance in 
the power-off condition. The SN55/75107A and §N55/75108A 
are identical devices except for these input protection diodes. 


Each receiver has a separate gate input, G. When the gate is 
LOW, the output is HIGH regardless of the other inputs. The 
device also has a common strobe, S, which can be used to gate 
both receivers simultaneously. When the strobe is LOW, the 
output is HIGH regardless of the other inputs. 


Note: Output HIGH on the Am5S5/75108B is high impedance condition, 


LOGIC SYMBOL 


q 
Vec— = Pin 13 


TO OTHER Vey ange 
LINE RECEIVER GND =Pin7 


: . Components shown with dashed lines are applicable to the Am55/75107B 


- Rl = 1kQ for Am5S5/75107B and 7502 for Am55/75108B 
. D1 and D2 are the input protection diodes, 


ORDERING INFORMATION 


Am55/ 
75107B 
Order 
Number 


Am55/ 
75108B 
Order 
Number 


SN75107BN SN75108BN 
SN75107BJ SN75108BJ 
AM75107BX AM75108BX 
SN55107BJ SN55108BJ 
AM55107BX AM55107BX 


Package 
Type 
Molded DIP 
Hermetic DIP 


Temperature 
Range 


0°C to +70°C 

0°C to +70°C 
Dice 0°C to +70°C 

Hermetic DIP -55°C to +125°C 
Dice -55°C to +125°C 
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LIC-472 LIC-473 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 


NC = No connection. LIC-474 





Am55/75107B/108B 
MAXIMUM RATINGS (Above which the useful life may be impaired). 














Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to+125°C 
Positive Supply Voltage Vecy to Ground Potential Continuous +7.0V 
Negative Supply Voltage Vcc. to Ground Potential Continuous —7.0V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcec+ max. 
DC Input Voltage — Strobe —0.5V to +5.5V 
Differential Input Voltage +6.0V 
Common Mode Input Voltage (with Respect to GND Terminal) +5.0V 
‘Any Differential Input to Ground —5.0V to +3.0V 











ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
The Following Conditions Apply Unless Otherwise Noted: 





Am75107B, Am75108B (COM’L) Ta =0°C to 70°C Vec+ = 5.0 V + 5% Vec— = —5.0 V + 5% (COM’L) 
Am55107B, Am55108B (MIL) Ta = —55°C to +125°C Vec+ = 5.0 V + 10% Vec— = —5.0 V + 5% (MIL) 
a Test Conditions ; Typ. 
Parameters Description (Notes 1, 4, & 5) Min. (Note 2) Max. Units 







Vec+ = MIN., Voc = MIN. 


Vou Output HIGH Voltage 
(Am55/75107B Only) lo = —400uA, Vic = —3V to 3V 
Output LOW Voltage i ria a aay 
Strobe or gate input 
Strobe or Gate Input 4 
VibH Differential Input Voltage See Test Table 0.025" Volts 
for Output HIGH 
Differential tnput Voltage 
Vv See Test Tabl Volt 


















Input HIGH Current Vec+ = MAX., Vec— = MAX. 
into 1A or 2A Vip = 0.5V, Vic =—3V to 3V 


Input LOW Current Vec+ = MAX., Vec— = MAX. 10 
into 1A or 2A Vip =—2V, Vic =—3V to 3V 
Voce = MAX., Vec— = MAX. t+-—J 
Input HIGH Current N GCt NAY Ce=-s MA: (oer eee eer 
Vin = Voc+ MAX. 


Vec+ = MAX., Vec— = MAX. Se 
nicanliecaiiai Vin = 0.4V el rs kee Coe ee 


HIGH Level Output a 7 
Leakage (Am55/75108B Voor = MIN..Veos= MIN. 
Only) Vou = Vec+ MAX. : 
! = M by — M : 
ae (AmS5/75107B Vec+ = MAX., Vec AX 
Only) 


\ Positive Power Supply Voc+ = MAX., Vec— = MAX. 
CCH+ Current Vip = 25mV, Ta = 25°C 
\ Negative Power Vec+ = MAX., Vec— = MAX. 
CCH— Supply Current Vip = 25mV, Ta = 25°C 
Vv Input Clamp Voltage, Vec+ = MIN., Voc = MIN. Volts 
i SorG IN = —12mA, Ta = 25°C 


For conditions shown as MIN. or MAX., use the appropriate vaiue specified under Electrical Characteristics for the applicable device type, 
Typical limits are at Voc; = 5.0V, Voc = —5.0V, Ta = 25°C ambient and maximum loading. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Vic = common mode voltage with respect to GND terminal. 

Vip = differential voltage (Va — Vg). 























Output Short Circuit 
Current (Note 3) 






Notes: 


PENS 
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Am55/75107B/108B 
SWITCHING CHARACTERISTICS (Tq = +25°C, Vec+ = 5V, Vec— = —5V) 


Parameters Description Test Conditions Min. Typ. Max. Units 





Am55/75107B Only 








Am55/75108B Only 


AC PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


if Vec- 


DIFFERENTIAL © OUTPUT © 
INPUT Am55107B 
Am75107B 
Am75207 


PULSE 
GENERATOR 
{See Note 1) 


CL 


50 pF 
(See Note 3) 


OUTPUT 
O Am551088 

Am75108B 
Am75207 

STROBE CL 

INPUT O 15 pF 
See Note 3) 
(See Note 2) ( 


PULSE = 
GENERATOR 
(See Note 1} 


LIC-475 


VOLTAGE WAVEFORMS 


INPUT 
A 
ov 


| tp1___»| 7 toa — 


Se 3Vv 
STROBE 
INPUT. ——————— : —_____1__ —____—_— 15v 
GorS 
is tPLH TPHL __ oo OV 


rLH—}-—+| tpt» 
ee 
ourruT 15V 
Vor 


Notes: 1. The pulse generators have the following characteristics: Zou, = 50 Q,t,p=tp= 10 + Sons, tp1 = 500 ns, PRR = 1 MHz, 
tp2 = 1ms, PRR = 500 kHz. 




















. Strobe input pulse is applied to Strobe 1G when inputs 1A - 1B are being tested, to Strobe S when inputs 1A - 1B or 
2A - 2B are being tested, and to Strobe 2G when inputs 2A - 28 are being tested. 


. Cy includes probe and jig capacitance. 


LIC-476 
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1 
i 
N 
°o 


Ny 


> 
( 
Ww 
Qo 
<x 
e 
a 
ie) 
> 
a 
2 
> 
fo} 
ac 
i) 
je) 
pes 
<x 
l 
—_ 
ped 
a 
Z 


— HIGH-LEVEL INPUT CURRENT — uA 


High-Level Input Current 
Into 1A or 2A 
Versus 
Ambient Temperature 














os 
oO 





























0 
-75 -50 -25 0 25 50 75 100 125 
T, — AMBIENT TEMPERATURE — °C 


Recommended Combinations 
of Input Voltage for ~ 
Line Receivers 


INPUT — B TO GROUND VOLTAGE — Vv 


Am55107B, Am75107B 
Propagation Delay Time 


llocu| — SUPPLY CURRENT — mA 


tpi — PROPAGATION DELAY TIME — ns 


Strobe Inputs 


Versus 
Ambient Temperature 


' 
i 
| 
i 


PERFORMANCE CURVES 


High-Logic-Level Supply Current 
Versus 
Ambient Temperature 









































0 
-75 -50 -25 0 25 50 75 100 125 
T, — AMBIENT TEMPERATURE — °C 


Am55108B, Am75108B 
Propagation Delay Time 
Low-to-High Level 
Differential Inputs 
Versus 
Ambient Temperature 























0 
-75 -50 -25 0 25 50 75 100 125 
Ta ~ AMBIENT TEMPERATURE — °C 


tpyy — PROPAGATION DELAY TIME — ns 


PROPAGATION DELAY TIME — ns 


Am55/75107B/108B 


Am55107B, Am75107B 
Propagation Delay Time 
Differential Inputs 
Versus 
Ambient Temperature 





























0 
-75 -50 -25 0 25 50 75 100 125 
Ty — AMBIENT TEMPERATURE — °C 


Am55108B, Am75108B 
Propagation Delay Time 
High-to-Low Level 
Differential Inputs 
Versus 
Ambient Temperature 

















0 
-75 -50 -25 O 25 50 75 100 125 
T, — AMBIENT TEMPERATURE — °C 


Am55108B, Am75108B 
Propagation Delay Time 


Strobe Inputs 


Versus 


Ambient Temperature 



































PROPAGATION DELAY TIME — ns 











0 
-75 -50 -25 0 25 50 75 100 125 
Ta, — AMBIENT TEMPERATURE — °C 














PROPAGATION DELAY TIME — ns 





0 
-75 -50 -25 0 
Ty, — AMBIENT TEMPERATURE — °C 














25 50 75 100 125 


Note: Use 0°C to +70°C temperature range only for commercial (Am75 Series) devices. 
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LIC-477 








Am55/75107B/108B 


FUNCTION TABLE DEFINITION OF FUNCTIONAL TERMS 


Differential 1A, 2A The non-inverting input of the line receivers. 


Input Voltage 1B, 2B The inverting input of the line receivers. 
1Y,2Y The output of each line receiver. 


Vip 2 +25mvV 1G, 2G The gate input of each line receiver. A LOW on the 
—25mV < Vip < +25mV gate input forces the output HIGH. 


Vip <—25mvV s The. strobe input that is common to both line re- 
ceivers. A LOW on the strobe forces both (1Y 
and 2Y) outputs HIGH. 


Vic Input Common Mode voltage with respect to 


ground terminal. 
Don’t Care 
= Don’t Know 


Differential Input voltage (VA — Vg). 


DEFINITION OF SWITCHING TERMS 


(All switching times are measured at the 1.5V logic level 
unless otherwise noted.) 


tp_y The propagation delay time from an input change to 
an output LOW-to-HIGH transition. 

tpyp_ The propagation delay time from an input change to 
an output HIGH-to-LOW transition. 

t Rise time. The time required for a signal to change 
from 10% to 90% of its measured values. 

ts Fall time. The time required for a signal to change 
from 90% to 10% of its measured values, 





DC TEST TABLE 
Vic VID ae 
1B (Co n (Diff - 
Parameter 1A 2A 2B Mode) ‘tal 2Y 1G 2G Ss Note 







VIDH 
VIDL 
HL @A 


Pa es | 
vorey |= 
eer 
= 
a aaa 


-3V to 3V Test 45V 
—2V 



















—3V to 3V 
—-3V to 3V 


















a 

eats! 

aes 
1&2 








—3V to 3V 
-3V to 3V 
—3V to 3V 
—3V to 3V 








V 
Vv 
l 
I 
| 


+! 
+ 
VIH 
VIH 
VIH 





[e) 
8 
3 
= 
= 





lon @Y 





5 
5 
Vv 





S| S)S|)S|S/S) 8 
ood (aa eet bl oe ae 





















pies6[=25mv [eno [en [= [Oem [vf GND [av 


Notes: 1, When testing one channel, the inputs of the other channels are grounded, 
2. Am55/75107B only. 
3. Am55/75108B only. 
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Am55/75107B/108B 


APPLICATIONS 


BUS-ORGANIZED SYSTEM 


A A A 
—O —CE=~ )-" 
$ G s G Ss G 
Am55/75108B Am55/75107B Am75208 








sol ie 


Am55/75110 Am55/75110 Am55/75110 





LIC-478 


Metallization and Pad Layouts 


Am55/75107B Am55/75108B 


DIE SIZE: 0.049” X 0.056"’ DIE SIZE: 0.049" X 0.056” 
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Am55/75109 * Am55/75110 


Dual Line Drivers 





Distinctive Characteristics 

@ Input is TTL compatible. 

® High common-mode output range of —3V to +10V. 
@ Separate and common output inhibits. 


@ Open-collector differential outputs for bus-organized 
systems. 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


FUNCTIONAL DESCRIPTION 


The Am55/75109 and Am55/75110 are dual line drivers 
characterized for applications in balanced, unbalanced, and 
party-line systems. The drivers provide a constant current 
output that is switched to either of the two differential 
output terminals under the control of the A and B inputs. 
When A and B are HIGH, the Y output is HIGH and Z 
output is LOW 


These drivers feature a separate inhibit input, C, that is 
used to switch off the constant current output. This leaves 
the driver differential output in the high impedance state 
for use in bus organized systems. A LOW on the C input 


forces the driver to the OFF state by switching off the 
current source of the differentia) output transistor pair. 
Likewise, the two drivers have a common inhibit input, D, 
that forces both drivers to the OFF state. A LOW on the D 
inputs turns off the output current sources of both drivers 
such that both differential outputs are in the high 
impedance state. 


The driver outputs have a common mode voltage range 
of —3V to +10V. The Am55/75109 output current is 
typically GmA while the Am55/75110 output current is 
typically 12mA. 


SCHEMATIC DIAGRAM 
(One Driver Shown) 


LOGIC 
PI 
INPUTS 18 


INHIBIT 
INPUTS 


TO OTHER LINE DRIVER 


Am55109 Am55110 
Am75109 Am75110 
Ry 4kQ 2.2kQ 
1.5k2 82022 
44092 24022 
1.75k2 8752 
2.74kQ 1.5k2 


OUTPUT 
12 


Notes: 1. Component values shown are nominal. 


2. Resistance values are in ohms. LIC-479 


ORDERING INFORMATION CONNECTION DIAGRAM 


Top View 


Am55/75109 Am55/75110 
Package Temperature Order Order 
Type Range Number Number 
Molded DIP 0°C to +70°C SN75109N SN75110N 
Hermetic DIP OC to +70°C SN75109J SN75110J 
Dice 0°C to +70°C AM75109X AM75110X 
Hermetic DIP —55°C to +125°C SN551095 $N55110J 
Dice —55°C to +125°C AM55109X AM55110X 


Am§5/75109 
2cf_ | 4 amssy7s11011 |_| Yec— 


Vv =Pin 14 
1Z cct+ 2Y 
LIC-480 12 Vec— = Pin 11 8 


Pin 1 is marked for orientation. GND =Pin?7 LIC-481 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


Temperature (Ambient) Under Bias 


Am55/75109/110 


—65°C to +150°C 








Vcc+ Supply Voltage to Ground Potential 
Vcc— Supply Voltage to Ground Potential 
Common Mode DC Voltage Applied to Outputs 


—55°C to +125°C 
+7V 








—7V 





—5V to+12V 





DC Input Voltage 
DC Input Current 


—0.5V to +Vcec+max. 








—30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


____The Following Conditions Apply Unless Otherwise Noted: 


Am75109, Am75110 Voc+ MIN. = 4.75V 
Am55109, AmM55110 Voc+ MIN. = 4.5V 


Parameters Description 
Input HIGH Level 


Input LOW Level 


Vec+ MAX. = 5.25V, 
Vec+ MAX. = 5.5V, 


Test Conditions (Note 1) 
Guaranteed input logical HIGH 
voltage for all inputs 


Guaranteed input logical LOW 
voltage for all inputs 





Vec— MIN. = —4.75V 
Vec— MIN, =—4.5V 


Voc— MAX. = -5.25V. T, = 0°C to +70°C 
Vec— MAX. =-5.5V. Ty, = —55°C to +125°C 


Typ. 


Min. (Note 2) Max. Units 








Ne Input Low Current 
(Note 3) Am55/75109 


Ne 
(Note 3) 





tInput LOW Current 
Am55/75110 


NH 
(Note 3) Input HIGH Current 
ed Input HIGH Current 


Output Current On-State 





Output Current On-State 


Vect+ = MAX,, Vin = 0.4 V 








Vec— = MAX. 


Vec+ = MAX., Vin = 0.4 V 
Vec— = MAX. 
Vec+ = MAX., Vin =2.4V 
Vcec— = MAX. 


A, B, C 


A, B,C 


Vecr= MAX. Vin=WAX [ABC | | Ss 


Vec— = MAX. 


Veo = MAX 0 J 
Vec— = MAX. 

















I¢loff) Output Current Off-State 


Icc—(on) 


Positive Supply Current; 
Driver Enabled 
Negative Supply Current; 
Driver Enabled 
Positive Supply Current; 
Driver Disabled 








Ioc+loff) 





A and B = 0.4V 


C and D = 2.0V 











A and B =0.4V 


Cand D = 2.0V 


All Inputs = 0.4V 











Negative Supply Current; 
Driver Disabled 





Icc_(off) 


Notes: 1. 


All Inputs = 0.4V ° 














For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 


2. Typical limits are at Vocy = 5.0V, Voc = —5.0V, Ta = 25°C ambient and maximum loading. 


3. Actual-input currents = Unit Load Current X Input Load Factor (See Loading Rules). 


Switching Characteristics (T, = +25°C) 
Parameters 


2scription 


AorBto YorZ 
AorBtoYorZ 





CorDtoYorZ 
CorDtoYorZ 


Test Conditions 


Vect+ = 5.0 V, Vec— = —5.0 V, 
R_ = 502, Cy = 40 pF 
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Am55/75109/110 


FUNCTION TABLE 


LOGIC INPUTS INHIBIT INPUTS 


H 
L 
16) 
Oo 
X 


HIGH 
LOW 
Iglon) Current 


N = 
FF = toloff) Current 


= Don’t Care 


Am55109, Am75109 
Output Current 
Versus 
Logic Input Voltage 








Iq — OUTPUT CURRENT — mA 


























1.2 1.3 1.4 1.5 
V,— LOGIC INPUT VOLTAGE — V 


Am55110, Am75110 
Supply Current With Driver Enabled 


Versus - 
Ambient Temperature 









































icc (on)|— SUPPLY CURRENT —mA 





0 
~-75 -50-25 0 25 50 75 100 125 
T, — AMBIENT TEMPERATURE — °C 


| ¥ | 2 


Ig — OUTPUT CURRENT — mA 


PROPAGATION DELAY TIME — ns 


LOADING RULES (In Unit Loads) 


OUTPUTS 


1A 
1B 
1c 
2c 
2A 
2B 


2Y 

22 

D 
Vec— 
1Z 


Input/Output Pin No.’s 75109 75110 HIGH 


Input 
Unit Load Fan-out 
Am55/ Am55/ Output Output 
LOW 


1-7/8 1-7/8 - 
1-7/8 1-7/8 = 
1 1-7/8 ae 

1 1-7/8 

1-7/8 

1-7/8 


COJN] DM] of] A] Ww) NM) = 


Diff 
output 
10 - - 
1 - - 


© 








TY 


12 Diff 
13 output 





Vec+ 


14 = _ 


A TTL Unit Load is defined as 40 :A measured at 2.4 V HIGH and 
—1.6mA measured at 0.4 V LOW. 


PERFORMANCE CURVES 


(Typical) 


Am55110, Am75110 
Output Current 
Versus 
Logic Input Voltage 




















ra 
V, — LOGIC INPUT VOLTAGE — V 


Propagation Delay Time 
Logic Inputs 
Versus 
Ambient Temperature 








tPpLH AND tpyL 

















0 
-75 -50-25 0 25 50 75 100 125 
Ty — AMBIENT TEMPERATURE — °C 


Note: For Am75 Series use 0°C to +70°C temperature range only. 
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- SUPPLY CURRENT — mA 


Am55109, Am75109 
Supply Current With Driver Enabled 
Versus 
Ambient Temperature 











!eo (on) 


PROPAGATION DELAY TIME — ns 


























0) 
—75 -50-25 0 25 50 75 100 125 
Ty — AMBIENT TEMPERATURE — °C 


Propagation Delay Time 
Inhibit Inputs 
Versus 
Ambient Temperature 


Vec+=5V 
Vec_-=-5V 
Ry = 502 
Cy = 40 pF 


+ 









































ie) 
—75 -50-25 O 25 50 75 100 125 
Ty — AMBIENT TEMPERATURE — °C 
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Am55/75109/110 
DC TEST TABLE 


INPUTS OUTPUTS 
Parameter A B D Y Zz 


Cc 
Gust Vin es ee eee 



























































































































VIL Test Vcc+ VIH ON 
Vit Vec+ Test VIH 
lH GND Test VIH 
Le Test 4.5V VIH 
He 4.5V Test Vin 
ViH VIH VIH | Test 
ViH VIH ViH Open 
Vin VIL VIL Test 
VIH VIL Vin Open 
ViL VIH VIH Open 
Mit ; Vit VIL Test 





VIL 


































































| Foto) | 
Vii 





































a 












X = Don’t Care; Note 1: Output not under test must have a low impedance.(<502) termination to GND. 


AC PARAMETER MEASUREMENT INFORMATION 
TEST CIRCUIT 


OVec+ 


PULSE 
GENERATOR 
#1 


PULSE 
GENERATOR 
#2 


INHIBIT 
INPUT 


(See AC Voltage Waveforms for notes) 


LIC-483 
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Am55/75109/110 


AC VOLTAGE WAVEFORMS 


INHIBITOR 
(INPUT 
CORD 


OUTPUT 
Y 


OUTPUT 
z 


The pulse generators have the following characteristics: Zo 4 = 502, tp = tp = 10 +5ns; tow1 = 500ns, PRR = 1 MHz; 

tow2 = 1Ms, PRR = 500kHz. 

Cy, includes probe and jig capacitance. 

For simplicity, only one channel and the inhibitor connections are shown. LIC-484 


UNIT LOAD DEFINITIONS 


HIGH LOW 
Measure Measure 
SERIES Current Voltage Current Voltage 


Am25/26/2700 40uA 2.4V —1.6mA 0.4V 


Am25S/26S/27S 50uA 2.7V —2.0mA 0.5V 
Am25L/26L/27L 20uA 2.4V —0.4mA 0.3V 


Am25LS/26LS/27LS | 20uA  2.7V | —0.36mA  0.4V 
Am54/74 40uA2.4V_ | ~—1.6mA 0.4V 
54H/74H 50uA 2.4. | —2.0mA 04V 
Am54S/74S 50uAia2.7V «| «-2.0mA OO. 


54L/74L 
(Note 1) 


54L/74L 
(Note 1) 10uA 2.4V —0.18mMA 0.3V 
+——— 


Am54LS/74LS 20uA 2.7V —0.36mA 0.4V 
Am9300 40uA 2.4V —1.6mA 0.4V 
Am93L00 20uA 2.4V —0.4mA 0.3V 
Am93S00 50uA 2.7V —2.0mMA 0.5V 
Am75/85 40pA 2.4V —1.6mA 0.4V 
Am8200 40yuA 4.5V —1.6mA 0.4V 


20uA 2.4V —0.8mMA 0.4V 





























Note: 1. 54L/74L has two different types of standard inputs. 


DEFINITION OF FUNCTIONAL TERMS 
1A, 2A, 1B, 2B The TTL data inputs to each driver. D The common TTL inhibit input to both drivers. A 


1C,2C The TTL inhibit inputs to each driver. A LOW input LOW input forces all four outputs to the off-state. 
forces both outputs to the off-state. 1Y, 2Y, 1Z,2Z The differential output of each driver. 
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Am55/75109/110 
APPLICATIONS 


OUTPUT 
PAIR 





louT = 2loion) 


Two line drivers connected in parallel for higher current. 


Metallization and Pad Layouts 


Am55/75109 Am55/75110 




















DIE SIZE 0.056” X 0.056” DIE SIZE 0.056” X 0.056" 
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Am71/81LS95 « Am71/81LS96 
Am71/81LS97 * Am71/81LS98 


Three-State Octal Buffers 


DISTINCTIVE CHARACTERISTICS 


Three-state outputs drive bus line directly 
Typical propagation delay 

Am71/81LS95, Am71/81LS97 13ns 
Am71/81LS96, Am71/81LS98 10ns 

Typical power dissipation 

Am71/81LS95, Am71/81LS97 80mW 
Am71/81LS96, Am71/81LS98 65mW 

PNP inputs reduce DC loading on bus lines 
Am71/81LS96 and Am71/81LS98 are inverting; 
Am71/81LS95 and Am71/81LS97 are non-inverting 
20-pin hermetic and molded DIP packages 
100% product assurance testing to MIL-STD-883 
requirements 


GENERAL DESCRIPTION 


The Am71/81LS95, Am71/81LS96, Am71/81LS97 and Am71/ 
81LS98 are octal buffers fabricated using Advanced Low- 
Power Schottky technology. The 20-pin package provides im- 
proved printed circuit board density for use in memory ad- 
dress and clock driver applications. 


The Am71/81LS95 and Am71/81LS97 present true data at the 
outputs, while the Am71/81LS96 and Am71/81LS98 are invert- 
ing. The Am71/81LS95 and Am71/81LS96 have a common 
enable for all eight buffers with access through a 2-input NOR 
gate. The Am71/81LS97 and Am71/81LS98 octal buffers have 
four buffers enabled from one common line, and the other four 
buffers enabled from another common line. In all cases the 
outputs are placed in the three-state condition by applying a 
high logic level to the enable pins. All parts feature low current 
PNP inputs. 


LOGIC DIAGRAMS 
Am71/81LS97 Am71/81LS98 


Am71/81LS95 Am71/81LS96 


LIC-487 


|e{al iy 
x 


H Zz 
t H H 
t L L 


CONNECTION DIAGRAMS — Top Views 


Am71/81LS96 


LIC-491 LIC-492 


Am71/81LS97 


LIC-493 LIC-494 
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Am71LS/81LS/95/96/97/98 
MAXIMUM RATINGS above which the useful life may be impaired 
Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias -—55°C to +125°C 
Supply Voltage to Ground Potential -0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vec max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current 150mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 








































COM'L Ta = 0°C to +70°C Voc = 5.0V + 5% (MIN. = 4.75V MAX. = 5.25V) 
MIL Ta = —58°C to +125°C Voc = 5.0V +10% (MIN. = 4.50V MAX. = 5.50V) Am71/81LS95 
A cc : 
Am71/81LS96 
*~DC CHARACTERISTICS OVER OPERATING RANGE-—~——------——---- > = A718 1 L997 ~ 
Am71/81LS98 
Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 
| PWG ee 
High Level Output Current : mA 
COM a ae 
lon = —5.0mMA 2.4 
OH Vi. = 0.8V 
COM'L a ae ee 
lot Low Level Output Current mA 
Fae eee es Ce ee 
V, Low Level Output Voltage Noes Mire V ine 20N SOM Edous tomA aes aa RE Vv 
| Off-State (High-Impedance Vec = Max., Vip =2.0V Vo = 0.4V | f= 20 | A 
O(OFF) | State) Output Current Vit = 0.8V Vo = 2.4V a Cees (ee 
Input Current at Maximum a _ 
Both G Inputs at 2.0V V, = 0.5V A 
Low Level A Input G Inpu ! a a ees 
Wie input Current Vcc = Max. | Both G Inputs at 0.4V V, = 0.4V fT | 0.36 | ane 
Tapa a 
Short Circuit Output Current Vec = Max. (Note 2) | -30 | -60 | -130| ma | 
; ee aoe Ven = Max, |_AM7181LS95, Am71/61LS97 [pe eS aes ea 
ce sd cc © 1 Am71/81L896, Am71/81LS98 ae ee 











Notes: 1. All typical values are at Vcc = 5.0V, Ta = 25°C. 
2. Not more than output should be shorted at a time, and duration of the short circuit should not exceed one second. 


SWITCHING CHARACTERISTICS Vec = 5.0V, Ta = 25°C Am71/81LS95 Am71/81LS96 
Am71/81LS97 Am71/81LS98 
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 






t Propagation Delay Time, 
PLH Low-to-High Leve! Output 
t Propagation Delay Time, 
PHL High-to-Low Level Output 
Output Enable Time to High Level 
tzp Output Enable Time to Low Level in 48 | 
tuz Output Disable Time from HIGH Level | 13 | 
C. = 5pF, Ry = 2k0 
tz | 79 | 


Output Disable Time from Low Level 















Cy. = 15pF, Ry = 2k 
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Am71LS/81LS/95/96/97/98 


SWITCHING CHARACTERISTICS TEST CONDITIONS 


LOAD CIRCUIT FOR VOLTAGE WAVEFORMS 
THREE-STATE OUTPUTS ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 


TEST 
POINT Vec 


OUTPUT 
CONTROL 
Re (LOW-LEVEL 1.3V 


(ENABLING) t 
r ZL ot tz 
1 WAVEFORM 1 Solos NT TAEY [81.8 Sp 
FROM OUTPUT 1 1.3V CLOSED =15V 
UNDER TEST | S2 OPEN ¢ Y~—_—_t 


7 

OL 

| tuz 4 aoe 

ms $1 OPEN J Ko : You 
1 . S&S. 


Sz CLOSED 
WAVEFORM 2 CLOSED 


82 
LIC-495 = = LIC-496 


Notes: 1. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
2. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
3. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
4, Pulse generator characteristics: PRR < 1MHz, ZOUT ~ 502, t- < 15ns, t¢ < 6ns. 
5. When measuring tp_y and tpy_, switches S41 and So are closed. 


APPLICATIONS 
Am71/81LS96 USED AS SYSTEM AND/OR MEMORY BUS DRIVER 


SYSTEM AND/OR MEMORY ADDRESS BUS LIC-497 


INDEPENDENT 4-BIT BUS DRIVERS/RECEIVERS IN A SINGLE PACKAGE 


Am71/81LS98 


OUTPUT 
PORTS 


—— 


OUTPUT-PORT 
CONTROL 


INPUT-PORT 
CONTROL 


LIC-498 





Package 
Type 
Molded DIP 
Hermetic DIP 
Hermetic DIP 
Dice 


Temperature 
Range 


0°C to +70°C 
0°C to +70°C 


—558°C to +125°C 


0°C to +70°C 


ORDERING INFORMATION | 


Am71/81LS95 


DM81LS95N 
DM81LS95J 
DM71LS95J 
AM81LS95X 
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Order Number 


Am71/81LS96 


DM81LS96N 
DM81LS96J 
DM71LS96J 
AM81LS96X 


Am71/81LS97 


DM81LS97N 
DM81LS97J 
DM71LS97J 
AM81LS97X 


Am71LS/81LS/95/96/97/98 


Am71/81LS98 


DM81LS98N 
DM81LS98J 
DM71LS98J 
AM81LS98X 














Am73/8303B 


Octal Three-State Inverting Bidirectional Transceiver 


DISTINCTIVE CHARACTERISTICS 


® 8-bit bidirectional data flow reduces system package count 
e Three-state inputs/outputs for interfacing with bus-oriented 
systems 

PNP inputs reduce input loading 

Vec—1.15V Voy interfaces with TTL, MOS, and CMOS 
48mA, 300pF bus drive capability 

Transmit/Receive and Chip Disable simplify control logic 
20 pin ceramic and molded DIP package 

Low power — 8mA per bidirectional bit 

Advanced Schottky processing 

Bus port stays in hi-impedance state during power up/down 
100% product assurance screening to MIL-STD-883 
requirements 


GENERAL DESCRIPTION 


The Am73/8303Bs are 8-bit three-state Schottky inverting trans- 
ceivers. They provide bidirectional drive for bus-oriented micro- 
processor and digital communications systems. Straight through 
bidirectional transceivers are featured, with 16mA drive capa- 
bility on the A ports and 48mA bus drive capability on the B 
ports. PNP inputs are incorporated to reduce input loading. 


One input, Transmit/Receive determines the direction of logic 
signals through the bidirectional transceiver. The Chip Disable 
input disables both A and B ports by placing them in a three- 
state condition. 


The output high voltage (Voy) is specified at Veg—1.15V 
minimum to allow interfacing with MOS, CMOS, TTL, ROM, 
RAM, or microprocessors. 


LOGIC DIAGRAM 


TRANSMIT/ 
RECEIVE ———©, 


CONNECTION DIAGRAM 
Top View 


16 #15 14 


Am73/8303B 


Note: Pin 1 is marked for orientation. 


LIC-499 


LOGIC SYMBOL 


A, Az Ag Ag AS Ag AZ 


Am73/8303B 


Vcc = Pin 20 
GND = Pin 10 LIC-501 
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Am73/8303B 
ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 











Storage Temperature —65°C to +150°C 
Supply Voltage 7.0V 
Input Voltage 5.5V 
Output Voltage 5.5V 





Lead Temperature (Soldering, 10 seconds) 300°C 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Noted: 


Am7303B Ta = —55°C to +125°C VecMIN = 4.5V Voc MAX = 5.5V 
Am8303B Ta = 0°C to +70°C VecMIN = 4.75V VecMAX = 5.25V 


DC ELECTRICAL CHARACTERISTICS over operating temperature range P 

Parameters Description Test Conditions Min. fice 1) Max. Units 
A PORT (Ag-A7) 
CD = 0.8V, T/R = 2.0V 
CD = 0.8V, Am8303B 
T/R = 2.0V Am7303B 


CD = 0.8V, 
T/R = 0.8V lon = —3.0mA 2.7 
CD = 0.8V, lo = 8mA 

T/R = 0.8V Am8303B, Io, = 16mA 
CD = 0.8V, T/R = 0.8V, Vo = OV, 
Vec = MAX., Note 2 

Logical “1” Input Current CD = 0.8V, T/R = 2.0V, V, = 2.7V 


Input Current at Maximum Input Voltage | CD = 2.0V, Voc = MAX., Vy = Voc MAX. 
Logical “O” Input Current CD = 0.8V, T/R = 2.0V, V, = 0.4V 


Ve Input Clamp Voltage CD = 2.0V, lin = —12mA : 
































Logical “1” Input Voltage Volts 


=< 
= 













Volts 








< 
= 


Logical “O” Input Voltage 











< 
° 
Oo QO 
ra) 
° 
~“N 
2 
N 


Volts 








Logical “1” Output Voltage 


< 
fo) 
= 


3.95 



















< 
oO 
oO 
= 
= 
(o1) 





Volts 









Logical “0” Output Voltage 


S 
2 







0.35 0.50 









—75 


| 
_ 
=) 

| 
) 
oo 
3 


Output Short Circuit Current 















0 


= 
= 
> 


3 
> 


Volts 





N 
o 
zr 


= 
le 


Vo = 0.4V 
Output/Input Three-State Current CD = 2.0V 
Vo = 4.0V 





B PORT (Bo-B7) 


ty 
° : 
N 




























































| 
~“ 
o 
: 


CD = 0.8V, T/R = 0.8V, V, = 0.4V 


bin | Logical “O” Input Current 


Wie 
Ve 









Input Clamp Voltage CD = 2.0V, lin = —12mMA Volts 


Vo = 0.4V 
Output/Input Three-State Current CD = 2.0V 
Vo = 4.0V 


CONTROL INPUTS CD, T/R 








‘= 
> 


Vin Logical “1” Input Voltage CD = 0.8V, T/R = 0.8V | | Volts | 
ical “0” A Am83038 ee a 
Vit Logical “0” Input Voltage CD = 0.8V, T/R = 0.8V Volts 
Am73038 Pie ine ae 
Vou Logical “1” Output Voltage CD = 0.8V, T/R = 2.0V 27 | 39 [| | Vols 
36 
= lo. = 20mA 0.4 
VoL Logical “0” Output Voltage CD = 0.8V, T/R = 2.0V | os | oa | Volts 
lo. = 48mA [os [os 
gals CD = 0.8V, T/R = 2.0V, Vo = OV, 7 
los Output Short Circuit Current Voc = MAX., Note 2 | 50 | 150 
| in | Logical “1” Input Current CD = 0.8V, T/R = 0.8V, V, = 2.7V | 01 | 
|__| Input Current at Maximum Input Voltage | CD = 2.0V, Voc = MAX., Vj = Voc MAX. aa 


1 
° 
N“N 


S| 3 
a > 













Volts 
Volts 


Vin 
Vit 


4 
> 


Logical “1” Input Current V, = 2.7V 


Input Current at Maximum Input Voltage | Voc = MAX., Vi = Voc MAX. 


T/R 
Logical “O” Input Current V, = 0.4V 


Input Clamp Voltage lin = —12mA 


POWER SUPPLY CURRENT 
CD = 2.0V, Voc = MAX., Vin = 0.4V 
CD = Vina = 0.4V, T/R = 2V, Voc = MAX. 


3 
> 


Mi 
Ve 




















130 





loc Power Supply Current 


3 
> 
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Am73/8303B 
AC ELECTRICAL CHARACTERISTICS (Voc = 5.0V, Ta = 25°C) : 
yp 


Parameters Description Test Conditions Min. (Note 1) Max. Units 
A PORT DATA/MODE SPECIFICATIONS 


t Propagation Delay to a Logical “O” from | CD = 0.4V, T/R = 0.4V (Figure 1) 
PDHLA B Port to A Port 


Ry = 1k, Ro = 5k, Cy = 30pF 
t Propagation Delay to a Logical “1” from 
PDLHA B Port to A Port 


























Ee 



























































Propagation Delay to a Logica! “0” from 
A Port to B Port 



























Propagation Delay to a Logical “1” from 
A Port to B Port 
















Propagation Delay from a Logical “0” to 
Three-State from CD to B Port 
Propagation Delay from a Logical “1” to 
Three-State from CD to B Port 

























Propagation Delay from Three-State to 
a Logical “0” from CD to B Port 


























Propagation Delay from Three-State to 
a Logical ’1” from CD to B Port 

























CD = 0.4V (Figure 2) 
S1 = 1, R4 = 1000, C3 = 300pF 
So =0, R3 = 1k, Co = 15pF 
CD = 0.4V (Figure 2) 

Sy = 0, R4 = 1k, C3 al 300pF 
Se = 1, Rg = 1k, Co = 15pF 
CD = 0.4V (Figure 2) 

S; =0, Rg = 1k, C3 = 15pF 
So = 1, Rg = 5k, Co = 30pF 
CD = 0.4V (Figure 2) 
$4 = 1, Rq = 1k, C3 = 15pF 
So = 0, Rg = 1k, Co = 30pF 


Propagation Delay from a Logical “1” to 
Three-State from T/R to A Port 


































Propagation Delay from a Logical “0” to 
Three-State from T/R to A Port 

















Propagation Delay from a Logical “1” to 
Three-State from T/R to B Port 


















Bo to By = 0.4V, T/R = 0.4V (Figure 3) 
Three-State from CD to A Port 

S3 = 1, Rs = 1k, C4 = 30pF 

Ry = 1009, Ro = 1k, Cy = 300pF 

Ag to A7 = 0.4V, T/R = 2.4V (Figure 3) 

tpLzB 
$3 = 1, Rs = 1000, C4 = 300pF 
TRANSMIT RECEIVE MODE SPECIFICATIONS 

tprc = tepyzt + tppHLA 
Propagation Delay from Transmit Mode t =m ny 
to a Logical “1”, T/R to A Port PRH ~ PLZT © "PDLHA 


$3 =1, Rs = 1k, C4 = 15pF 
Bo to By = 2.4V, T/R = 0.4V (Figure 3) 
t Propagation Delay from Three-State to 
PZLA a Logical “O” from CD to A Port 
Propagation Delay from Three-State to Bo to B7 = 2.4V, T/R = 0.4V (Figure 3) 
a Logical “1” from CD to A Port S3 = 0, Rs = 5k, C4 = 30pF 
Ry = 6670, Ro = 5k, Cy = 45pF 
CD = 0.4V, T/R = 2.4V (Figure 1) 
$3 = 1, Rs = 1k, C4 = 15pF 
Ao to Az = 2.4V, T/R = 2.4V (Figure 3) 
$3 =1, Rs = 6670, C4 _ 45pF 
Ag to A7 = 2.4V, T/R = 2.4V (Figure 3) 
tpHzR 
tPLZR 
Propagation Delay from a Logical “0” to 
t Propagation Delay from Receive Mode t a4 +t 
PTL to a Logical “0”, T/R to B Port PTL ~ "PHZR © "POHLB 
t Propagation Delay from Receive Mode t 24 +t 
PTH to a Logical “1”, T/A to B Port PTH ~ 'PLZR © "POLHB 


CD = 0.4V, T/R = 0.4V (Figure 1) 
t Propagation Delay from a Logical “0” to 
PLZA Three-State from CD to A Port 
$3 =0, Rs = 1k, C4 _ 15pF 
B PORT DATA/MODE SPECIFICATIONS 
Ri = 1000, Ro = 1k, Cy = 300pF 
S3 = 0, Rs = 1k, Cy = 15pF 
S3 = 0, Rs = 1k, Cq = 300pF 
Three-State from T/R to B Port 
Notes: 1. All typical values given are for Voc = 5.0V and Ta, = 25°C. 


Ry = 1k, Ro = 5k, C; _ 30pF 
| tenza | Propagation Delay from a Logical “1” to 

tPHZA 
Bo to B7 = 0.4V, T/R = 0.4V (Figure 3) 
CD = 0.4V, T/R = 2.4V (Figure 1) 

tppLHB 
Ry = 6670, Ro = 5k, Cy = 45pF 
Ao to Az = 0.4V, T/R = 2.4V (Figure 3) 
$3 =0, Rs = 6679, Cy = 45pF 

t Propagation Delay from Transmit Mode 

PRL to a Logical “0”, T/R to A Port 

2. Only one output at a time should be shorted. 


FUNCTIONAL TABLE 


Chip Disable 





Am73/8303B 


SWITCHING TIME WAVEFORMS 
AND AC TEST CIRCUITS 


DEVICE 
UNDER 
TEST 


PULSE 
GENERATOR 


OUTPUT 
B, OR A, 


tp = t¢ <10ns Note: C4 includes test fixture capacitance. 
10% to 90% 


Figure 1. Propagation Delay from A Port to B Port 
Lic-502 or from B Port to A Port. LIC-503 





| DEVICE 


0.5V i UNDER 
a = 
OUTPUT R 


t t 
PHZR = se BPORT PHZT = eine 


0.5V 0.sV 
OUTPUT PULSE 
GENERATOR 


tr = tf < 10ns 


Note: Cg and Cg include test fixture capacitance. 
10% to 90% 





LIC-504 Figure 2. Propagation’ Delay from T/R to A Port or B Port. LIC-505 


0.5V 
: DEVICE 
PORT be UNDER 


OUTPUT TEST 


PULSE 
tPHZ t | 
tpLz PZL - 
1.5V 


GENERATOR cp 
sane O.5V 
OUTPUT 





Note: Cg includes test fixture capacitance. 


tp =t¢ < 10ns Port input is in a fixed logical condition. 
10% to 90% 


LIC-506 Figure 3. Propagation Delay from CD to A Port or B Port. LIC-507 
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Am73/8303B 


Metallization and Pad Layout 























DIE SIZE 0.066” x 0.086” 
ORDERING INFORMATION 


Order 


Temperature 
Number 


Package 
Type Range 
Hermetic DIP —§5°C to +125°C DP7303BJ 
Hermetic DIP 0°C to +70°C DP8303BJ 

0°C to +70°C DP8303BN 


Molded DIP 
Dice o°c to +70°C AM8303BX 
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Am73/8304B 


Octal Three-State Bidirectional Transceiver 


DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 


e 8-bit bidirectional data flow reduces system package count The Am73/8304Bs are 8-bit three-state Schottky transceivers. 
e Three-state inputs/outputs for interfacing with bus-oriented They provide bidirectional drive for bus-oriented microproces- 
systems sor and digital communications systems. Straight through 
PNP inputs reduce input loading bidirectional transceivers are featured, with 16mA drive capa- 
Voc—1.15V Voy interfaces with TTL, MOS, and CMOS bility on the A ports and 48mA bus drive capability on the B 
48mA, 300pF bus drive capability ports. PNP inputs are incorporated to reduce input loading. 
Transmit/Receive and Chip Disable simplify control logic 
20 pin ceramic and molded DIP package 
Low power — 8mA per bidirectional bit 
Advanced Schottky processing 
Bus port stays in hi-impedance state during power up/down ; is 
100% product assurance screening to MIL-STD-883 The output high voltage (Voy) is specified at Vec—1.15V 
requirements minimum to allow interfacing with MOS, CMOS, TTL, ROM, 
RAM, or microprocessors. 


One input, Transmit/Receive determines the direction of logic 
signals through the bidirectional transceiver. The Chip Disable 
input disables both A and B ports by placing them in a three- 
state condition. 


LOGIC DIAGRAM 





TRANSMIT/ 
RECEIVE 
(T/R) 


LIC-508 


CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 


A1 Az A3 Ag Ap Ag AZ 


Am73/8304B Am73/8304B 


Ba Bs 


Voc = Pin 20 
LIC-509 Pin 1 is marked for orientation. GND = Pin 10 LIC-510 
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Am73/8304B 


ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature —65°C to +150°C 
Supply Voltage 7.0V 
Input Voltage 5.5V 
Output Voltage 5.5V 
Lead Temperature (Soldering, 10 seconds) 300°C 





ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Noted: 


Am7304B Ta = —55°C to +125°C VocMIN = 4.5V Voc MAX = 5.5V 


Am8304B_ —s- Ta = O°C to +70°C VocMIN = 4.75V. Voc MAX = 5.25V 
DC ELECTRICAL CHARACTERISTICS over operating temperature range 
yp. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 










A PORT (Ap-A7) 
Vin Logical “1” Input Voltage CD = Vi MAX., T/R = 2.0V he 






a ee 
= 2. m . 
Von Logical “1” Output Voltage Se Ls OHS 0a Veo71-18 Nec" 0.7 bac Volts 
: TIR = 80V lon=—3.0mA | 27 | 395 |_| 
; CD = Vi, MAX lo. = 8mA 0.3 0.4 
“qr t Volt U- IL ” 
VoL Logical “0” Output Voltage TIR = 8.0V Am8304B, Io, = 16mA 


CD = Vi, MAX., T/R = 0.8V, Vo = OV, 








< 
eI 
Zr 
ow 


l 
~“ 
oO 
= NI 
an 
J 


los Output Short Circuit Current 





Vec = MAX., Note 2 


Logical “1” Input Current CD=Vy, MAX, T/R=20V,Vi=27V | | 
Input Current at Maximum Input Voltage | CD = 2.0V, Vcc = MAX., V; = Voc MAX. ie oo es al 


3,5 
> 


Wie 
Cc 


Logical “0” Input Current CD = Vj, MAX., T/R = 2.0V, V, = 0.4V 


Input Clamp Voltage CD = 2.0V, lin = —12mA Volts 


< 


Vo = 0.4V 
Vo = 4.0V 
B PORT (By-B7) 


Output/Input Three-State Current CD = 2.0V 


.~ 
> 












V Logical “0” Input Voltage ee ILE eee ees ee Volts 
: : eee TR = Vi MAX. LE a ee (ES 2a 
- lon=-0.4mA | Voo-1.15|Veo-08] 
Vou Logical “1” Output Voltage CD=Vi_MAX., T/R=2.0V[Iony=-5mA [| 27 | 39 | ~~ | Volts 
low=—toma [24 | 36 | 
es lo. = 20mA 0.3 
VoL Logical “0” Output Voltage CD = Vi, MAX., T/R = 2.0V lon =20ma_ | | 03 |e Volts 
ln=4ema_[ ‘| _o4 | 05 | 
ner CD = Vj, MAX., T/R = 2.0V, Vo = OV, ¥ 
Fos | Output Short Circuit Current Voc = MAX., Note 2 150 mA 
| in _| Logical “1” Input Current CD = Vy, MAX., TR =ViL_MAX,Vj=27V{ sf oot {| 80 fA 
Lt, __| Input Current at Maximum Input Voltage | CD = 2.0V, Vcc =MAX..Vi=Voc MAX. | ss || tm 
Logical “0” Input Current CD = Vj, MAX., T/A = Vit MAX. V;=04V{ ss | -70 ~[ ~-200 | pA | 
input Clamp Voltage OD = 20V, n= —12mA for [18 | vos | 
(iE ae ee ee 
Output/Input Three-State Current CD = 2.0V pA 
Vo=4ov | -i| +t 





CONTROL INPUTS CD, T/R 


Volts 


VIL Logical “0” Input Voltage Am7304B 
Logical “1” Input Current V, = 2.7V 
Input Current at Maximum Input Voltage | Vcc = MAX., Vi = Veco MAX. 


li Logical “0” Input Current V, = 0.4V 


Ve Input Clamp Voltage lin = —12mA 


/ POWER SUPPLY CURRENT 
| Power Supply Current eo oe Ce nee 
ae ud CD = Vina = 0.4V, TR = 2V, Voc = MAX. 
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Oo 
N 


> 





I = 
: ° 
3 
> 


1.5 


Volts 


0 


ale 
is 
> 





Am73/8304B 
AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V, Ta = 25°C) 2 
yp 


Parameters Description Test Conditions Min. (Note 1) Max. Units 
A PORT DATA/MODE SPECIFICATIONS 
CD = 0.4V, T/R = 0.4V (Figure 1) 
Ry = 1k, Ro = 5k, Cy = 30pF 










t Propagation Delay to a Logical “0” from 
PDHLA B Port to A Port 


Propagation Delay to a Logical “1” from | CD = 0.4V, T/R = 0.4V (Figure 1) 















B Port to A Port Ry = 1k, Ro = Sk, Cy = 30pF 

t Propagation Delay from a Logical “0” to | Bg to B7 = 0.4V, T/R = 0.4V (Figure 3) 

PLZA Three-State from CD to A Port S3 = 1, Rs = 1k, C4 = 15pF 

‘ Propagation Delay from a Logical “1” to | Bg to By = 2.4V, T/R = 0.4V (Figure 3) 

PHZA Three-State from CD to A Port S3 = 0, Rs = 1k, Cy = 15pF 

t Propagation Delay from Three-State to Bo to B7 = 0.4V, T/R = 0.4V (Figure 3) 

PZLA a Logica! “0” from CD to A Port S3 = 1, Rs = 1k, Cy = 30pF 
Propagation Delay from Three-State to Bo to By = 2.4V, T/R = 0.4V (Figure 3) 
a Logical “1” from CD to A Port S3 = 0, Rs = 5k, C4 = 30pF 


B PORT DATA/MODE SPECIFICATIONS 


CD = 0.4V, T/R = 2.4V (Figure 1) 
R; = 1009, Ro = 1k, Cy = 300pF 
R; = 6679, Ro = 5k, Cy = 45pF 

CD = 0.4V, T/R = 2.4V (Figure 1) 
Ry = 1000, Ro = 1k, Cy = 300pF 
Ry = 6670, Ro = 5k, C = 45pF 

t Propagation Delay from a Logical “0” to | Ag to A7 = 0.4V, T/R = 2.4V (Figure 3) 
PLZB Three-State from CD to B Port S3 = 1, Rs = 1k, Cg = 15pF 


Propagation Delay from a Logical “1” to | Ag to A7 = 2.4V, T/R = 2.4V (Figure 3) 
Three-State from CD to B Port S3 = 0, Rs = 1k, C4 = 15pF 


Propagation Delay from Three-State to gti Oey UA eee gues) pf ge | ao 


t =1, =1 ,C4= 
PZLB a Logical “0” from CD to B Port Sg = 1, Rs = 1000, C4 = 300pF 


Sp= 1, Rs= 6670, C= apr «| ~SSCi«d=CCO 


Ag to A7 = 2.4V, T/R = 2.4V (Figure 3) 35 
ipone Propagation Delay from Three-State to S3 = 0, Rg = 1k, C4 = 300pF 


a Logical ’1” from CD to B Port 
is S3 = 0, Rg = 6670, Cy = 45pF a 
TRANSMIT RECEIVE MODE SPECIFICATIONS 
CD = 0.4V (Figure 2) 
S$; = 1, Rg = 1000, C3 = 300pF 
S2 = 0, Rg = 1k, Co = 15pF 
= 0.4V (Figure 2) 
= 0, Rq = 1k, Cz = 300pF 
1, R3 = 1k, Co = 15pF 
0.4V (Figure 2) 
= 0, Ry _ 1k, C3 = 15pF 
1, Rg = 5k, Co = 30pF 
0.4V (Figure 2) 
Sy =1, Rg = tk, C3 = 15pF 


So = 0, R3 = tk, Co = 30pF 
Propagation Delay from Transmit Mode 


ve to a Logical “0”, T/R to A Port 
Propagation Delay from Transmit Mode t ay +t 

to a Logical “1”, T/R to A Port PRH PLZT © "PDLHA 

t Propagation Delay from Receive Mode t reer +t 

PTL to a Logical “0”, T/R to B Port PTL ~ "PHZR © "POHLB 

t Propagation Delay from Receive Mode t a ac 

Pip to a Logical “1”, T/R to B Port PTH — 'PLZR + 'PDLHB 

Cc 


Notes: 1. All typical values given are for Vcc = 5.0V and Ta = 25°C. 
2. Only one output at a time should be shorted. 













Propagation Delay to a Logical “O” from 


t 
EPHUE A Port to B Port 












Propagation Delay to a Logical “1” from 


t 
era A Port to B Port 







































Propagation Delay from a Logical “1” to 
Three-State from T/R to A Port 







Propagation Delay from a Logical “0” to 


'PLZR Three-State from T/R to A Port 








Propagation Delay from a Logical “1” to 


'PHZT Three-State from T/R to B Port 







Propagation Delay from a Logical “0” to 
Three-State from T/R to B Port 







tpLzT 










FUNCTIONAL TABLE 


Chip Disable 


Transmit/Receive 








Am73/8304B 


SWITCHING TIME WAVEFORMS 
AND AC TEST CIRCUITS 


OUTPUT 


DEVICE 
UNDER 
TEST 


PULSE 
GENERATOR 


tr = t¢ < 10ns Note: Cy includes test fixture capacitance. 
10% to 90% 


Figure 1. Propagation Delay from A Port to B Port 
LIC-511 or from B Port to A Port. Lic-512 


| DEVICE 


0.5V A UNDER 
OUTPUT R 


q q 
APORT rHen tPLZR Bport{ (N27 = tpLzT 


0.5V 0.5V 
PULSE 
OUTPUT a3 s GENERATOR 


tp = t¢ < 10ns 


Note: Ca and Cz include test fixture capacitance. 
10% to 90% 


LIC-513 Figure 2. Propagation Delay from T/R to A Port or B Port. LIC-514 


0.5V | 
| L6V DEVICE 
, UNDER 
oe TEST 


OUTPUT 


: PULSE 
GENERATOR cb 
tPHZ i | 
tied PZL er 
ee 0.5V e 
OUTPUT ; 


Note: Cg includes test fixture capacitance. 


tr =t¢ < 10ns Port input is in a fixed logical condition. 
10% to 90% 


Lic-515 Figure 3. Propagation Delay from CD to A Port or B Port. LIC-516 
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Metallization and Pad Layout 














Package 
Type 


Hermetic DIP 

Hermetic DIP 

Molded DIP 
Dice 


DIE SIZE 0.066” x 0.086” 


ORDERING INFORMATION 


Temperature 
Range 


—55°C to +125°C 
0°C to +70°C 
0°c to +70°C 
0°C to +70°C 
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Order 
Number 


DP7304BJ 
DP8304BJ 
DP8304BN 
AM8304BX 


Am73/8304B 








Am78/8820-Am/78/8820A 


Dual Differential Line Receivers 





Distinctive Characteristics: 
@ Dual differential receiver pin-for-pin equivalent to the © Frequency response control, strobe and _ internal 


National 78/8820 and 78/8820A 


500mV sensitivity at £3V common mode 
1V sensitivity at +15V common mode 


FUNCTIONAL DESCRIPTION 


The Am78/8820 and Am78/8820A are dual differential 
line receivers designed to receive digital data from trans- 
mission lines and provide up to 15 volts of common mode 
rejection with a single 5-volt supply. 


The device would normally be used in systems using twisted 
pair lines for connection, with each receiver having a 
terminating resistor included. The receivers respond to 
small differential signals and reject considerable amounts 
of common mode noise. 


Each receiver has a strobe that enables the output and a 
response control that allows the time constant of the out- 
put circuit to be controlled by an external capacitor and 
give noise rejection of high frequency noise and short 
logic spikes. 


Companion differential line drivers are the Am78/8830, 
Am78/8831 and Am78/8832. 


@ Single 5-volt supply 


terminating resistor 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883 


LOGIC DIAGRAM 


Receiver A Receiver B 


Vec = Pin 14 
LIC-517 GND = Pin 7 


CIRCUIT DIAGRAM 


NON-INVERTING 





INPUT ° 
{+) 


TERMINATION 


INVERTING 





INPUT 
LIC-518 (-) 


ORDERING INFORMATION 


Am78/ Am78/ 

8820 8820A 

Package Temperature Order Order 
Type Range Number Number 


Molded DIP 0°C to +75°C DM8820N DM8820AN 
Hermetic DIP 0°C to +75°C DM8820J DM8820AJ 
Dice 0°C to +75°C AM8820X AM8820AX 
Hermetic DIP -55°C to +125°C DM7820J DM7820AJ 
Hermetic Flat Pak -55°C to+125°C DM7820W DM7820AW 
Dice -55°C to +125°C AM7820X AM7820AX 


RESPONSE TIME 
CONTROL 


Note: Only one receiver shown, 


CONNECTION DIAGRAM 
Top View 

—inpuTa[ [i® 

TERMIN. AL | 2 

+INPUTA[ ] 3 12 L_] TERMIN. B 

stROBEA [_] 4 11 fF ] + input B 
RESPONSEA[ | 5 10 |_| stRoBeB 

output a [_]6 9 [_] RESPONSE B 


8{ ]ouTpuTsB 


Note: Pin 1 is marked for orientation. LIC-519 
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Am78/8820 » Am78/8820A 
Am7820 « Am8820 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Ta =O°Cto+75°C Vec = 5.0V + 5% Vem = —15V to +15V 
Ta =-55°C to +125°C Vcc =5.0V + 10% Vom = —15V to +15V 


Description Test Conditions Min. Typ.(Note 1) Max. Units 


Vou Output HIGH Voltage loH <0.2mA | 25 | 
VoL Output LOW Voltage lo, <3.5mA i 205. + | 


Volts 


U bpp 
2 33 
g 38 

NN 
oe o9o 
& p> 
a 

















Vem =0V +0.06 +0.5 
VTH Ditidieatia Thushold Voltage, tee MOY Volts 
—15V <Vom<ti15V —1.0 | 008 fs 
hy Strobe Input HIGH Current VsTROBE = 5.5V ae 
Strobe Input LOW Current VSTROBE = 0.4V —1.4 
tin INV Inverting Input Current Vem = 0V —0.5 a as ee mA 


Vem = —15V —-9.8 —7.0 

Vom=+15V 43.9 
' Power Supply Current Vv =ov : 16.5 410.2 rv 
Es 
Notes: 1. For operating at elevated temperatures, the device must be derated based on a thermal resistance of 100°C/W and amaximum junction temperature 


of 160°C for the AM7820, or 150°C/W and 115°C maximum junction temperature for the AM8820. 
2. Typical values given are for Vcc = 5.0V, Ta = 25 C and Vcy = OV unless stated differently. 











RININV Inverting Input Resistance 


RINNINV | 
RTERM 





Non-Inverting Input Resistance 











Input Terminating Resistor 


Switching Characteristics (Ta = 25°C, Vcc = 5.0V) 
Parameters Description Test Conditions Min. Typ. Max. Units 


[ResponseTine etapa 
[Response Time | lel = 0D tf Os 
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Am78/8820 « Am78/8820A 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 














Supply Voltage to Ground Potential (Pin 14 to Pin 7) Continuous —0.5V to +8.0V 
DC Common Mode Voltage —20V to +20V 
DC Strobe Input Voltage —0.5V to +8.0V 
DC Data Input Voltage —20V to +20V 
Output Current, Into Outputs: Am78/8820 25mA 

Am78/8820A 50mA 





Power Dissipation (Note 1) 600 mW 


Am7820A * Am8820A 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am8820A Ta =0°C to +75°C Vec = 5.0V + 5% Vem = —15V to +15V 
Am7820A Ta =—-55°C to +125°C Voc =5.0V + 10% Vem = —15V to +15V 
Parameters Description Test Conditions Typ.(Note 1) Max. Units 













Output HIGH Voltage 
Output LOW Voltage 






VoIFF =1+1V, lox = —400KA 











+0.5 
+1.0 
Volts 
pA 
—3.0 


+5.0 +7.0 

















VpIFF =—-1V 















VpIFF = —3V 





Strobe Input HIGH Level Voitage 
VouT <0.4V, louT = 16mA 


















VDIFF = —3V 

VouT 22.5V, lout = —400uA 

—3V <Voms<t3V, lout = —400uA 
—15V <Vom<ti15V, lout = —400unA 


"Seabeinat WiGH Garon’ | ~Vernobe = 88V,. Vourr=38V [| 
Ti | Svebeinput Low Gurent | Vernon =04V.Vpire==2V | 14 
rea 


Ses 
Vem = +15V 





Strobe Input LOW Level Voltage 















+0.06 
+0.06 
—0.08 
—0.08 




















Differential Threshold Voltage 





3 
> 


+3 


+ 
> 
NO 











Inverting Input Current Vem = 0V 
Vom = —15V 
Vem = +15V 
Vom = OV 


Vcm = —15V 


Output Short Circuit Current Vout = OV, VSTROBE = OV, —6.7 
Vec = 5.5V 


Power Supply Current Vv SEY, a Ey 
(Each Receiver) CM + VDIFF 





3 


3 
> > > 




















Non-Inverting Input Current 










| 
o 
@ 
I} | 
~p oo 
o|° 


| 
sd 
fer) 


3 


+3.9 
+6.5 
+9.2 


+6.0 
+10.2 
+14.0 


m 





Min 

2.5 

0 

2.1 

—0.5 

—4.2 

—1.6 

Vom = —15V, Voier = —1V as 

RIN INV Inverting Input Resistance ran a 
RIN NINV Non-Inverting Input Resistance Pees ee el 
RTERM Input Terminating Resistor Ta = 25°C — 


Notes: 1. For operating at elevated temperatures, the device must be derated based on a thermal resistance of 100°C/W and amaximum junction temperature 
of 160°C for the AM7820A, or 150 C/W and 115° C maximum junction temperature for the AM8820A. 
2. Typical values given are for Voc = 5.0V, Ta = 25 C and Voy = OV unless stated differently. 





x6 


.O 
0 


x 


te) 





17 





Switching Characteristics (T, = 25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


Differential Input to Output LOW 
Differential Input to Output HIGH Vec = 5.0 V 





[ true | Strobe Input to Output LOW See Switching Waveforms 
Strobe Input to Output HIGH : 
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SUPPLY CURRENT—mA OUTPUT VOLTAGE — V DIFFERENTIAL THRESHOLD VOLTAGE — V 


ns 


DIFFERENTIAL DELAY - 


Am78/8820 « Am78/8820A 


TYPICAL PERFORMANCE CHARACTERISTICS 


Supply Voltage Sensitivity 














34 


30 


26 


22 


18 











5.0 5.5 
SUPPLY VOLTAGE — V 


Transfer Function 



































-04 -~0.2 0.2 0.4 
DIFFERENTIAL INPUT VOLTAGE — V 


Power Supply Current 
(Each Receiver) 












































0 10 20 
COMMON MODE VOLTAGE-V 


Differential Input Delays 





Voc = 5V—-> 7—t a i 
ie 


ea ea ima 
7 hg 
t 
DIFFERENTIAL 
t— to “0” OUTPUT 








t+ 

















4 

















DIFFERENTIAL 
TO “1” OUTPUT 











“75 -50 -256 0 25 50 “75 100 125 


Ta — AMBIENT TEMPERATURE — °C 


DIFFERENTIAL THRESHOLD VOLTAGE — V 





POWER DISSIPATION—mW TERMINATION RESISTANCE—-22 


STROBE DELAY - ns 


Common-Mode Voltage 
Sensitivity 























COMMON-MODE VOLTAGE — V 


Termination Resistance 
































-75 -50 -25 O 25 50 75 100 125 
Ta — AMBIENT TEMPERATURE — °C 


Internal Power Dissipation 
(Each Receiver) 


OUTPUT LOW 

















COMMON MODE VOLTAGE -V 


Strobe Delays 
































STROBE TO “0” OUTPUT 


-75 -50 -25 O 25 50 75 100 125 
Ta — AMBIENT TEMPERATURE — °C 
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Temperature Sensitivity 








—50 





-100 























—150 


-75 -50 -25 0 25 50 75 100 125 
Ta — AMBIENT TEMPERATURE — °C 


DIFFERENTIAL THRESHOLD VOLTAGE — mv 


Input Characteristics 

















INPUT CURRENT—mA 


























~10 10 
INPUT VOLTAGE (WITH RESPECT TO GROUND) -—V 


Output Voltage Levels 











OUTPUT VOLTAGE-V 























-75 -50 -25 0 25 50 75 100 125 
Tp — AMBIENT TEMPERATURE — °C 


Noise Rejection 


Vec = 5V 
Ta = 25°C 
VbIFF = #2.5V PULSE 





























MAX. NOISE PULSE WIDTH -ns 






























































100 1000 
CRESPONSE TIME CONTROL — PF 


LIC-520 








Am78/8820 * Am78/8820A 


AC TEST CIRCUIT AND WAVEFORMS 


STROBE 13y 
INPUT 


ov 


OUTPUT 1.3V 
*Includes Jig and Probe 
tp = te = 10ns 


PRR = 1MHz A = Differential Input to “0” Output 


B = Differential Input to “1"" Output 
C = Strobe Input to “0” Output 


LIC-521 D = Strobe Input to ‘1 Output 


LIC-522 


TYPICAL APPLICATION 
TYPICAL TWISTED PAIR DIFFERENTIAL COMMUNICATION SYSTEM 


1/2 Am78/8830 1/2 Am78/8820A 


STROBE 


we an TWISTED PAIR LINE 
! (ip coocescee 
> 


LIC-523 
The Am78/8830 drives a twisted pair line which is terminated at the receiving end by an RC network. The R is approximately equal to 
the line impedance (1702) and is part of the Am78/8820A differential receiver. The Cg is a blocking capacitor which stops DC current 
flow, and for low duty cycles reduces power consumption. The value of this capacitor depends upon the data rate, Cg must be large 
compared to'74-q where fd is the data rate. The capacitor Cp is used to control the response time of the receiver and limit high frequency 
noise. CR ~4x 103 where C is in pF and fn is the lowest noise frequency expected in MHz. 


Metallization and Pad Layout 


Yec 
2 1 #14 13° 12 


6 


DIE SIZE 0.045” X 0.050” 





Am78/8830 


Dual Differential Line Driver 





Distinctive Characteristics 


@ Single 5-volt power supply @ Clamped outputs for reduction in positive and nega- 


: ; : aoe ive vol si : 
®@ Input diodes for prevention of line ringing te Vonage Hrahsients 


@ Low output skew between NAND and AND propa- @ 100% reliability assurance testing in compliance with 
gation delays. MIL-STD-883. 


FUNCTIONAL DESCRIPTION CIRCUIT DIAGRAM 


The Am78/8830 is a dual differential line driver suitable for driving 
differential lines with characteristic impedances in the range 502 
to 5002. 

Each driver consists of a 4-input AND gate in parallel with a 4-input 
NAND gate. The inputs to the gates are clamped to reduce the effect 
of line transients. The differential outputs are balanced and have 
approximately the same delay so as to minimize skew problems, and 
have high drive capability at both the LOW and HIGH logic levels. 

The device is ideal for driving differential transmission lines, and forms 
a very noise insensitive balanced digital communication system with 
excellent common mode noise rejection when used in conjunction 
with the Am78/8820A dual differential receiver. 





LOGIC DIAGRAM 


DRIVERA DRIVER B 


Vec = Pin 14 


Lic-524 GND = Pin 7 Note: Only one driver shown LIC-525 


Am78/8830 ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 


Package Temperature Order 
Type Range Number 


Molded DIP 0°C to +75°C DM8830N 
Ceramic DIP 0°C to +75°C DM88305 
Hermetic DIP —55°C to+125°C DM7830J 
Hermetic Flat Pak —55°Cto+125°C DM7830W ANSOUEAICNS 
Dice 0°C to +75°C AM8830X 
Dice —55°C to +125°C 1 AM7830X 


NAND OUTA[_]6 gf ]ANDOUTB 


8{  |NANDOUTB 


Note: Pin 1 is marked for orientation LIC-526 
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Am78/8830 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 





-65°C to +150°C 





Temperature (Ambient) Under Bias 





-55°C to +125°C 














Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vcec max. 
DC Input Voltage -0.5V to +5.5V 
Output Current, Into Outputs 100mA 
DC Input Current ~30mA to +5.0mA 
Output Short Circuit Duration at 125°C 1sec 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am8830 Ta = OC to+75°C Voc = 5.0V +5% 
Am7830 Ta =-55°C to +125°C Voc = 5.0V 10% 
Parameters Description Test Conditions 


loH = -40mA 


Output HIGH Voltage 


Min. Typ. (Note 1) . Max. 





loH = -0.8mA 


Units 





Output LOW Voltage 


Guaranteed input logical HIGH 


I t HIGH Level V 
ney e evel Voltage voltage for all inputs 


Guaranteed input logical LOW 


Input LOW Level! Voltage : 
voltage for all inputs 


Input LOW Current Vcc = MAX., Vin = 0.4V 





Input HIGH Current | Vec = MAX,, Vin = 2.4V 








Input HIGH Current Voc = MAX., Vin = 5.5V 





Output Short Circuit Current Vcc = 5.0V, VouT = 0.0V 





Power Supply Current* Voc = MAX. (Each Driver) 





Note 1, 
Note 2. 


Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
Limits for Ta = +125°C only. 


Switching Characteristics (Ta = 25°C) 


Parameters Description Conditions 


Delay from Inputs to Output of AND Gate 


a aa 


Delay from Inputs to Output of NAND gate 


Vec = 5.0V, CL = 15pF 
See Figure 1 





_ 


Min. Typ. 








Max. Units 








be 








Vec = 5.0V, Cy = 5000pF 
Ry = 1002, See Figure 2 


Differential Delay 
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Am78/8830 


SWITCHING TIME WAVEFORMS AND AC TEST CIRCUIT 


AND OUTPUT 


NAND OUTPUT 


LIC-527 Figure 1. LIC-528 Figure 2. LIC-529 


TYPICAL ELECTRICAL CHARACTERISTICS 


Output High Voltage Differential Delay Threshold Voltage 
Versus Output Current Versus Temperature Versus Temperature 


GUARANTEED LOGICA 
INPUT VOLTAGE 






























































VoH — OUTPUT VOLTAGE — V 
DIFFERENTIAL DELAY — ns 
THRESHOLD VOLTAGE — V 


GUARANTEED LOGICAL “0” 
| INPUT VOLTAGE 

































































0 20 40 60 80 100120 140 -50-25 O 25 50 75 100 125 -50 -25 0 25 50 75 100125 


bs at? Ta — TEMPERA =e 
oH — OUTPUT SOURCE CURRENT — mA Ta — TEMPERATURE — °C A ERATURE — °C 


Differential Output Voltage 


VAND — VNAND Versus 
Differential Output Current Maximum Power Dissipation 






























































POWER DISSIPATION EACH SIDE — mW 











DIFFERENTIAL OUTPUT VOLTAGE — V 


45 65 85 105 = 125 
OUTPUT CURRENT — mA Ta — AMBIENT TEMPERATURE — °C 


Power Dissipation (No Load) ‘Output Low Voltage 
Versus Data Input Frequency Versus Output Current 





















































VoL - OUTPUT VOLTAGE — V 






















































































POWER DISSIPATION EACH SIDE — mw 


— 
0 eT | 
012 5102 5 10 20 5 100 0 20 40 60 80 100 120 140 
DATA INPUT FREQUENCY — MHz lot — OUTPUT SINK CURRENT — mA LIC-530 
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Am78/8830 


APPLICATIONS 


1/2 Am78/8830 1/2 Am78/8820A 
STROBE 


nel 


TWISTED PAIR LINE 


LIC-531 


TYPICAL TWISTED PAIR DIFFERENTIAL COMMUNICATION SYSTEM 


The Am78/8830 drives a twisted pair line which is terminated at the receiving end by an RC network. The R is approximately equal to 
the line impedance (1702) and is part of the Am78/8820A differential receiver. The Cg is a blocking capacitor which stops DC current 
flow, land for low duty cycles reduces power consumption. The value of this capacitor depends upon the data rate, Cg must be large 
compared tom 5 where fd is the data rate. The capacitor Cp is used to control the response time of the receiver and limit high frequency 
noise. CR ~ 4x 108 q where C is in pF and fn is the lowest noise frequency expected in MHz. 


Metallization and Pad Layout 


Vec 
21 141312 


DIE SIZE 0.050” x 0.063” 
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Am78/8831-Am78/8832 


Three -State Line Driver 





Distinctive Characteristics 


® Three-State Line Drivers pin-for-pin equivalent to the @ 40mA sink and source current 
DM78/8831 and DM78/8832 


: : @ Series 54/74 compatible 
@ Mode control for quad single-ended or dual differen- 


tial operation ® 13ns typical propagation delay 
@ Common bus operation @ 100% reliability assurance testing in compliance with 
@ High-drive capability MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am78/8831 and Am78/8832 line drivers can be used either as 

a quad single-ended driver or as a dual differential driver. Each 

driver has a three-state output making the device particularly suit- 

able for party-line operation where several drivers are directly con- 

nected to the same bus. The Am78/8832 does not have the Vcc 

clamp diodes found on the Am74/8831. 

When used for single-ended operation the two differential/single- 

ended control inputs are held LOW. The device then operates as 

four independent non-inverting drivers. For differential working at 

least one differential/single-ended control input is held HIGH. The Ea 
A-channel inputs are connected together and the B-channel inputs = Am78/8831 
are connected together. Signal inputs will then pass non-inverted to mSIDIER Am78/8832 
the Ag and Bo outputs and inverted on the Ay and By outputs. 


For party-line operation outputs of different channels are tied to- 
gether, and outputs of all channels except one are forced into the 
third high impedance state by having at least one of the channel : 
disable inputs HIGH. The channel that is enabled has both channel | 
disable inputs LOW, and the low-output impedance of this output 

at both logic levels controls the level of the bus, provides good 

capacitance drive and insures good waveform integrity. 

The channel which is enabled can conveniently be selected by a 

decoding matrix using Am9301 1-of-10 or Am9311 1-of-16 active 

LOW output decoders. The high drive capability at both logic levels Vcc = Pin 16 
enables drivers to drive a low impedance line and still supply the GND = Pin8 
inverse leakage current of several disabled drivers. 


Ay 





LIC-532 


LOGIC DIAGRAM 


DIFFERENTIAL/ 
SINGLE-ENDED 
MODE CONTROL 


——_— ——1 
ENABLE A 45 ENABLE B 
———o 


LIC-533 


ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 


Am78/ Am78/ 

8831 8832 

Package Temperature Order Order 
Type Range Number Number 


Molded DIP O°C to +75°C DM8831N DM8832N 
Hermetic DIP O°C to +75°C DM8831J DM8832J 
Dice O°C to +75°C AM8831X AM8832X 
Hermetic DIP -55°C to+125°C DM7831J DM7832J 
Hermetic Flat Pak -55°C to+125°C DM7831W DM7832W 
Dice -55°C to +125°C AM7831X AM8832X 


Note: Pin 1 is marked for orientation. HIG Rst 
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Am78/8831 * Am78/8832 
MAXIMUM RATINGS (Above which the useful life may be impaired) 





Storage Temperature 


—65°C to +150°C 




















Temperature (Ambient) Under Bias —55 Cto +125 C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —O0.5Vtot+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vec max 
DC Input Voltage —0.5V to+5.5V 
Output Current, Into Outputs 30 mA 
DC Input Current —30 mA to +5.0 mA 
Time that 2 Bus-Connected Devices May Be in Opposite Low Impedance States Simultaneously oo 





ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 


Am8831, Am8832 Ta =0°C to +75°C Vec = 5.0V 5% (COM’L) MIN. = 4.75V MAX. = 5.25V 
















































































Am7831, Am7832 Tp = -S5°C to +125°C Vec = 5.0V 10% (MIL) MIN. = 4.5V MAX. = 5.5V 
. Typ. . 
Parameters Description Test Conditions Min. (Note 1) Wiax. Units 
I =~—40mA 2.8 
Vcc =MIN., on 
VoH Output HIGH Voltage Am7831, 32 IoH = —2 mA Volts 
Vin = Vin or VIL 3.1 
Am8831, 32 IoH = —5.2 mA 
Output LOW Voltage ce ae Volts 
Vin = Vin or Vin, [Tou =32 mA eae (eel 
ViH Input HIGH Level Voltage Guaranteed input logical HIGH voltage for all inputs 2.0 a ee ee 
VIL Input LOW Level Voltage Guaranteed input logical LOW voltage for all inputs Y 0.8 Volts 
Unit Load e o 
IL Input LOW Current Vcc = MAX.,, Vin = 0.4 V 1.0 1.6 mA 
Unit Load 
NH Input HIGH Current Vice = MAK NIN 2. 
1; Input HIGH Current Vcc = MAX,, Vin = 5.5 V 
Vcc = MAX., E=2.4V,V =2.4V 
ILK Output Leakage Current ee OUT 
Vcc = MAX., E = 2.4 V, Vout = 0.4 V 
v\ Input Clamp Diode Voltage i Vec = 5.0 V, ly = -12 mA, Ta = 25°C 
~ Vcc = 5.0V, 1) =12 mA, Ta = 25°C 
Vo Output Clamp Diode Voltage ce I oy A 
Am78/8831 Only 
Vo | Output Substrate Diode Voltage [ Vcc = 5.0 V, ly = —12 mA, Ta = 25°C 
Isc Output Short Circuit Current Vcc = MAX., Vout = 0.0 V, Ta = MAX. 
(Note 2) a 
loc Power Supply Current Vcc = MAX. 








Notes: 1. Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 
2. Only one output should be shorted at a time. 


SWITCHING CHARACTERISTICS (Ta = 25°) 


Parameters Description Min. Typ. Max. Units 


Delay from Inputs A1, Az, B1, Bg and 
Single-Ended/ Diff. Control to Output 











Delay from Output Enable to Output 








Delay from Output Enable to Output 





4-183 


Am78/8831 « Am78/8832 


TYPICAL PERFORMANCE CHARACTERISTICS 


Propagation Delay from Input Propagation Delay from Input Propagation Delay from Input 


to Output (Channel 1) to Output (Channel 1) to Output (Channel 2) 
30 





25 





20 





























PROPAGATION DELAY — ns 
PROPAGATION DELAY — ns 


Differential/Single Ended Mode 
Control inputs at Logical 1" 





. nO 
Differential/Single Ended Mode 
Control Inputs at Logical “0” 


0 0 
-75 -50-25 0 25 50 75 100 125 —75 -50-25 0 25 50 75 100 125 -75 -50~25 O 25 50 75 100 125 
Ty, — AMBIENT TEMPERATURE - "C Ta — AMBIENT TEMPERATURE - °C Ty — AMBIENT TEMPERATURE — °c 








PROPAGATION DELAY — ns 




















Delay from Disable to High Delay from Disable to Low Propagation Delay 
Impedance State Impedance State Versus Load Capacitance 
































PROPAGATION DELAY — ns 




































































0 0 
—75-50-25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 100 1000 10,000 
Ta ~ AMBIENT TEMPERATURE °C Ta — AMBIENT TEMPERATURE - °C C,_ — LOAD CAPACITANCE — pF 


Total Supply Logical ’’1’’ Output Voltage Logical ‘‘0’’ Output Voltage 


Current Versus Frequency Versus Source Current Versus Sink Current 
0.5 


0.4 



















































































lon — OUTPUT VOLTAGE — Vv 














loc — SUPPLY CURRENT — mA 
Vo, ~ OUTPUT VOLTAGE ~ Vv 




















ALL CHANNELS SWITCHING | [|_| 
10 
FREQUENCY. — (MHz) lop — OUTPUT CURRENT — mA io — OUTPUT CURRENT —ma 


lout Versus Vout High Propagation Delay 
Impedance Output State in Differential Mode INPUT Ay OUTPUT Ay 


Vcc = 5.0V 
+ 





Am7831/ 
Am8831 
Am7832/ 
Am8832 

















OUTPUT Ay 








i 








| 
| 


-2 2 4 6 —50 
Vout ~ OUTPUT VOLTAGE —V Ta — AMBIENT TEMPERATURE ~ °C 











—40 





lout — OUTPUT CURRENT ~ mA 


























LIC-535 
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Am78/8831 » Am78/8832 ( 


SWITCHING TIME WAVEFORMS AND TEST CIRCUIT 


INPUT 


ty, te < 10 ns 


OUTPUT 


DISABLE 





+ tz ey ae 


Vou 
VoH -0.5V 


i\ \ w= Poo 
INVERTED or IT 15V 
=. ee 77 i) ee 


Vou 











t 





HZ —~| "2H 


VOH 
Vou —-9.5V 


PAE = NNN, = eee 

NON-INVERTED___ [Ty LAA [Tf 1.5V 
OUTPUT TT] pn te ee er te ee ae 

[L/ 


Vot +0.5V 
Vor 


NOTE: Vo_ and Voy refer to actual voltages on output LOW and HIGH states. 


KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 








DON'T CARE. CHANGING 


Pape Sag ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE (5 HIGH 
APPLY IMPEDANCE 

OFF” STATE 


WILL BE 
CHANGING 
FROM H TOL 


MAY CHANGE 
FROMH TOL 





WILL BE 
CHANGING 
FROM LTO 


MAY CHANGE 
FROMLTOH 








i LIC-536 





LOAD CIRCUIT 


Am7831/ 
Am8831 
Am7832/ 
_ Am8832 


All diodes are FD100 





Switch S; | Switch So Cy. 


closed closed 
closed closed 
closed closed 
closed closed 
closed open 

open closed 











* Jig Capacitance 
LIC-537 
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TRUTH TABLE 
(Shown for A Channels Only) 


SINGLE-ENDED/ IN OUT 
DIFF CONTROL AENABLE Ay Ay 


L b.- ak Ar Ay 





1 
1 








x 


H = HIGH Voltage Level 
X = Don't Care 


L = LOW Voltage Level 
F = Floating Output 


TABLE | 


MSI INTERFACING RULES 


Equivalent 
Input Unit Load 
Interfacing Digital Family HIGH LOW 


Advanced Micro Devices 54/7400 1 1 





Advanced Micro Devices 9300/2500 Series 





FSC Series 9300 

Ti Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 
- DTL Series 930 





TABLE II! 


Am78/8831 * Am78/8832 


LOADING RULES (In Unit Loads) 


Fan-out 
Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW 


Enable B 1 1 = om 
Enable B 1 <7 = 
Bz Out 25 











Bg In = 
B, Out 
By, In 
SE/Diff 
GND 
SE/Diff 
Aj In 
A, Out 
Agtn 
A2 Out 
Enable A 
Enable A 




















Oo] ©folvy{| oa] aj alwlnr 




















Vec 


TABLE II 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH 


MINIMUM LOGIC 
“HIGH OUTPUT 
VOLTAGE On, 


MINIMUM LOGIC 
IMMUNITY “HIGH” INPUT 
(High levet} VOLTAGE 


Vie 
2 
MAXIMUM LOGI 
"LOW" OUTPUT MAXIMUM LOGIC 
VOLTAGE OL . “LOW” INPUT 
“ai : VOLTAGE 


OQUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


IMMUNITY 
(Low level} 


ORIVING DEVICE DRIVEN DEVICE 


DRIVING ORIVEN 
DEVICE DEVICE 


Current Interface 
Conditions — FLOATING 


Current Interface 
Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
“LOW” DRIVEN “LOW” 


OUTPUT LOAD vec 





Am78 ‘8831 
ONLY 











Current Interface Conditions — HIGH 


OUTPUT DRIVING INPUT LOAD 
“HIGH DRIVEN “HIGH” 


LIC-538 








Am78/8831 ¢ Am78/8832 


APPLICATIONS 


CHANNEL SELECT 


A A2 INPUTS 


Am9301 DECODER 


Am78/8831 SE, Am78/8831 
Am78/8832 Am78/8832 


SINGLE 
DIFFERENTIAL 


—~ ~~ ——=_ BUS 


— — — TO Am9615 
RECEIVER 


LIC-539 
PARTY LINE DIFFERENTIAL OPERATION 


CHANNEL SELECT 


INPUTS 
Ay Ag 


Am9301 DECODER 


Am78/8831 


Am78/8831 
Am78/8832 
\ 


Am78/8832 


SINGLE-ENDED 

~~ Bus 

_— TO Am2615 
RECEIVER 


LIC-540 


PARTY LINE SINGLE-ENDED OPERATION 


Metallization and Pad Layout 





13 Az OUT 


12 Az IN 
11 Ay OUT 











10 Ay IN 
9 D/SE 








DIE SIZE 0.057” X 0.058” 
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Am/7838 - Am8838 


Quad Unified Bus Transceiver 


DISTINCTIVE CHARACTERISTICS 


4 totally separate driver/receiver pairs per package. 

1V typical receiver input hysteresis 

Receiver hysteresis independent of receiver output load 
Guaranteed minimum bus noise immunity of 1.3V, 2V typ. 
Temperature insensitive receiver thresholds track bus logic 
levels 

20uA typical bus terminal current with normal Vec¢ or with 
Vec =O0V 

Open collector driver output allows wire-OR connection 
High-Speed 

Series 74 TTL compatible driver and disable inputs and 
receiver outputs 

Advanced Schottky processing 


FUNCTIONAL DESCRIPTION 


The Am7838 © Am8838 are quad high-speed drivers/receivers 
designed for use in bus organized data transmission systems 
interconnected by terminated 12082 impedance lines. The 
external termination is intended to be a 18022 resistor from 
the bus to the +5V logic supply together with a 3902 resistor 
from the bus to ground. The bus can be terminated at one or 
both ends. Low bus pin current allows up to 27 driver/receiver 
pairs to utilize a common bus. The bus loading is unchanged 
when Vcc = OV. The receivers incorporate hysteresis to greatly 
enhance bus noise immunity. One two-input NOR gate is in- 
cluded to disable all drivers in a package simultaneously. 
Receiver performance is optimized for systems with bus rise 
and fall times < 1.0us/V. 


LOGIC DIAGRAM AND LOGIC SYMBOL 


DISABLE 
B 


LIC-541 


ORDERING INFORMATION 


Order 
Number 
DS7838J 
DS8838J 
DS8838N 


Package Temperature 
Type Range 
—55°C to +125°C 
0°C to +70°C 
0°C to +70°C 


Hermetic DIP 
Hermetic DIP 
Molded DIP 


'y 120 I3 


Am78/8838 
QUAD UNIFIED 


TRANSCEIVER 


By Bp Bz By 


Vec = PIN 16 


GND=PIN8 LIC-542 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. LIC-543 
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Am7838 ¢ Am8838 
MAXIMUM RATINGS (Above which the useful life may be impaired) 




















Supply Voltage 7.0V 
Input and Output Voltage 5.5V 
Power Dissipation 600mWw 
Operating Temperature Range 

Am7838 —55°C to +125°C 

Am8838 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 10 sec.) 300°C 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise specified: 


Am7838 (MIL) Ta = -55°C to +125°C VecMIN = 4.50V VecMAX = 5.50V 
Am8838 (COM'‘L) Ta =0°C to +70°C VecMIN = 4.75V VecMAX =5.25V Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 





Driver and Disable Inputs 


Maaivien aig 
ee BS eee Te a 


2.0 





Logical ‘0’ Input Current Vin = 0.4V 


Ipis = —12mA, lin = —12mA, | =—12mA, 
Input Diode Clamp Voltage PIs ‘ ee aie BUS de 
Ta=25'C 


Low Level Bus Voltage Vols = 0.8V, Vin = 2.0V, IpUS = 50mMA 
lite Maximum Bus Current VIN = 0.8V, Vagus = 4.0V, Vcc = OV 


Am7838 
Vv High Level Receiver Threshold Vv =0.8V,V =16mA | Am7e38_ | 
1H IND OL Am8838 
VIL 


— 
ead 
| 1.65 | 
| 1.80 | 
ae 











Receiver Output 


Logical ‘1'’ Output Voltage VIN = 0.8V, Vagus = 0.5V, lon = —400uA 


Logical “0’’ Output Voltage Vin = 0.8V, Vgus = 4.0V, lop = 16mA 


Vv = 0.8V, Vin =0.8V, V = 0.5V, 
los Output Short Circuit Current Dis = 0.8 IN =0 BUS 2 
Vos = OV. Vcc = Vmax, (Note 3) 


Supply Current Vols = OV, Vin = 2.0V, (Per Package) 




















AC CHARACTERISTICS (Vcc = 5.0V, Ta = 25°C unless otherwise specified) 
Disable to Bus ‘1 {Note 4) 
Disable to Bus “0” (Note 4) 


Driver Input to Bus “1” (Note 4) a 











Propagation Delays | Driver Input to Bus “0” (Note 4) 
Bus to Logical *’1°’ Receiver 





(Note 5) 


Output 


Bus to Logical ‘’0” Receiver (Note 6) 
Output 





Notes: 1. Typical values are for Ta = 25°C and Vec = 5.0V. 
2. All currents into device pins shown as positive, out of device pins as negative, al! voltages referenced to ground unless otherwise noted. All values 
shown as max. or min. on absolute value basis. 
3. Only one output at a time should be shorted. 


4. 9192 from bus pin to Vcc and 200 from bus pin to ground, C_QAp = 15pF total. Measured from Vi = 1.5V to Vays = 1.5V, Vin = OV to 
3.0V pulse. 


5. Fanout of 10 load, C_LgaAp = 15pF total. Measured from VIN = 1.3V to VouT = 1-5V, Vin = OV to 3.0V pulse. 
6. Fan-out of 10 load, CLoAp = 15pF total. Measured from Vijq = 2.3V to Vout = 1.5V, Vin = OV to 3.0V pulse. 
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Am8T26 


Schottky Three-State Quad Bus Driver/Receiver 





Distinctive Characteristics 


Advanced Schottky technology @ 20ns max. driver propagation delay 

40mA driver sink current @ 18ns max. receiver propagation delay 

Three-state outputs on driver and receiver ® 100% reliability assurance testing in compliance with 
PNP inputs MIL-STD-883 


FUNCTIONAL DESCRIPTION 


The Am8T26 is a high speed bus transceiver consisting of 
four bus drivers with three-state outputs and four bus 
receivers, also with three-state outputs. Each driver output 
is internally connected to a receiver input. Both the drivers 
and receivers have PNP inputs. 


One buffered common “bus enable” input is connected to 
the four drivers and another buffered common “receiver 
enable” input is connected to the receivers. A LOW on the 
bus enable (B/E) input forces the four driver outputs to the 
high-impedance state. A HIGH on the bus enable allows 
input data to be transferred onto the data bus. 


A HIGH on the receiver enable (R/E) input forces the four 
receiver outputs to the high-impedance state while a LOW 
on the receiver enable input allows the received data to be 
transferred to the output. The complementary design of the 
bus enable and receiver enable inputs allows these control 
inputs to be connected together externally such that a single 
transmit/receive function is derived. 


LOGIC SYMBOL 


OD; D2 


Am8T26 





Vec = Pin 16 
GND = Pin8 


LOGIC DIAGRAM 


Dy 


ORDERING tNFORMATION 


Package Temperature Order 
Type Range Number 


Molded DIP 0°C to +75°C N8T26B 

Hermetic DIP 0°C to +75°C N8T26F 
Dice 0°C to +75°C AM8T26XC 

Hermetic DIP —55°C to +125°C S8T26F 
Dice —55°C to +125°C AM8T26XM 
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LIC-545 


CONNECTION DIAGRAM 
Top View 


Vec B/E R3 Ro 


Note: Pin 1 is marked for orientation. LIC-546 


Am8T26 


MAXIMUM RATINGS (Above which the useful life may be impaired) 





Storage Temperature 





Temperature (Ambient) Under Bias 


—65°C to +150°C 
—55°C to +125°C 

















Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 





DC Input Current 


—30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


N8T26 
S8T26 


Parameters 


Tap = 0°C to +75°C 
Tp =—55°C to +125°C 


Description 


Driver Output HIGH Voltage 


Voc = 5.0V £5% 
Vc = 5.0V £10% 


Test Conditions (Note 1) 


Vcc = MIN., Igy = —10mMA 
VIN = Vin OF Vit 





Driver Output LOW Voltage 


Vec = MIN., lot = 40mA 
VIN = ViH oF Vit 





Receiver Output HIGH Voltage 


Vcc = MIN. 
VIN = VIH OF Vit 


Typ. 
(Note 2) Max. Units 








VOH 7 
VOL 


Receiver Output LOW Voltage 


Vcc = MIN., lot = —i16mA 
VIN = Vin OF Vit 





Input HIGH Level 


Guaranteed input logical HIGH 
voltage for all inputs 





Input LOW Level 


Guaranteed input logical LOW 
voltage for all inputs 








Input Clamp Voltage 


Vcc = MIN., ly =—SmA 





— 


Ne 


Vcc = MAX., Vin = 0.4V 





(Note 3) 


(Note 3) | Input LOW Current 
NH Input HIGH Current 


Vec = MAX., Vin = 5.25V 











Output Short Circuit Current Driver 
V =MAX,. =0. 
(Note 4) cc AS VOUT 20¥ Receiver 


Vcc = MAX. 


Bus Leakage Current with Vcc = MAX., Vgus = 2.6V 
Driver Off MIN = Vin OF VIL 





Power Supply Current 














. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
+ Typical limits are at Vec = 5.0V, 25°C ambient and maximum loading. 

Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

Not more than one output should be shorted at a time, Duration of the short circuit test should not exceed one second, 


BONS 


Switching Characteristics (Ta = +25°C, Vcc = 5.0V) 


Parameters Description Test Conditions Min. Typ. Max. Units 


Driver Input to Bus Figure 1 





Bus to Receiver Output Figure 2 








Driver Enable 'to Bus Figure 3 








Receiver Enable to Fi 4 
igure 
Receiver Output 9 
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Am8T26 


DEFINITION OF FUNCTIONAL TERMS LOADING RULES (In Unit Loads) 

Do, D1, Dz, D3 The four driver inputs. 

B B The f dri tput d i i t 

rae ey e four driver outputs and receiver inputs iinet Output Output 
5 ; Input/Output Pin No.’s Unit Load HIGH LOW 

Ro, Ri, R2,R3 The four receiver outputs. Data from the = Ale a = ee Oe 

bus is inverted while data from the driver inputs is non- 

inverted. 

B/E Bus enable input. When the bus enable input is LOW, Bo 

the four driver outputs are in the high-impedance state. Do 


LOW Fan-out 





Ro at 50 10 
1/16 


1/8 











R/E Receiver enable input. When the receiver enable input Ry 
is HIGH, the four receiver outputs are in the high-impedance By 
state. 





1/16 
Dy 1/8 


OO] OI) N] OD) oO} B&B] WO] DY 


D2 
B2 
R2 





ay 
f=) 





_ 
_ 








— 
N 





= 
ies) 





_ 50 
B/E 1/8 - 
Vcc 16 - - 


= 
- 





= 
ol 





A TTL Unit Load is defined as —1.6mMA measured at 0.4V LOW 
and 40uA measured at 2.4V HIGH. 


DRIVER FUNCTION TABLE RECEIVER FUNCTION TABLE 


INPUTS OUTPUT 


Zz 
H 
L 
X = Don’t Care X = Don’t Care 


Z = High Impedance Z = High Impedance 
i=0,1,2,or3 i=0,1,2,or3 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


BUS DRIVER RECEIVER 
OUTPUT OUTPUT ALL tNPUTS 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Note: Actual current flow direction shown. LIC-547 
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Am8sT26 


AC TEST CIRCUITS AND WAVEFORMS 


PROPAGATION DELAY (Data In to Bus) 


2.6V 


PULSE 
GENERATOR 


INPUT PULSE: 
t, = t¢ = 5ns (10% to 90%) 
freq = 10MHz (50% duty cycle) 
Amplitude = 2.6V 
LIC-549 


54 . LIC-550 
Hea? Figure 1 im 


PROPAGATION DELAY (Bus to Receiver Out) 


INPUT f 5V Ko 
PULSE 


1. 
GENERATOR teHL al oe | teLH 


OUTPUT Xow fs 


INPUT PULSE: 

t, = ty = Sns (10% to 90%) 

freq = 10MHz {50% duty cycle) 
Amplitude = 2.6V 


LIC-552 


LIC-551 Figure 2 


PROPAGATION DELAY (Bus Enable to Bus Output) 





PULSE 
GENERATOR 


INPUT PULSE: 

t, = ty = Sns (10% to 90%) 
freq = 5MHz (50% duty cycle) 
Amplitude = 2.6V 


LIC-555 
LIC-556 


meeee Figure 3 


PROPAGATION DELAY- (Receive Enable to Receive Output) 


INPUT # 5V * 1.5V 


1 
PULSE : = 
GENERATOR Lz = eal ZL 


OUTP f \ 7 
UTPUT 10% 1.5V 


INPUT PULSE 

t, = te = Sns (10% to 90%) 
freq = S5MHz (50% duty cycle) 
Amplitude = 2.6V 


LIC-558 


LIC-557 Figure 4 LIC-559 
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Am8T26 


APPLICATION 


———— | 4BIT BUS 
TO OTHER 
———— =} Am8T26's 


H = TRANSMIT H = TRANSMIT 
L= RECEIVE L= RECEIVE 


LIC-560 


Metallization and Pad Layout 





DIE SIZE 0.063" X 0.082” 
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Am8T26A-Am8T28 


Schottky Three-State Quad Bus Driver/Receiver 





Distinctive Characteristics 


@ Advanced Schottky technology @ Driver propagation delay — 14ns max. for 81T26A; 
@ 48mA driver sink current 17ns max. for 8T28 

@ Three-state outputs on driver and reciever @ Receiver propagation delay — 14ns max. for 8T26A; 
@ PNP inputs 17ns max. for 8T28 

@ Am8T26A has inverting outputs @ 100% reliability assurance testing in compliance with 
@ Am8T28 has non-inverting outputs MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am8T26A/Am8T28 are high speed bus transceivers 
consisting of four bus drivers with three-state outputs and 
four bus receivers, also with three-state outputs. Each driver 
output is internally connected to a receiver input. Both the 
drivers and receivers have PNP inputs. D, Dy 


One buffered common “bus enable” input is connected to 
the four drivers and another buffered common “receiver 
enable” input is connected to the receivers. A LOW on the 
bus enable (B/E) input forces the four driver outputs to the 
high-impedance state. A HIGH on the bus enable allows 
input data to be transferred onto the data bus. 


Am8T26A 


A HIGH on the receiver enable (R/E) input forces the four 
receiver outputs to the high-impedance state while a LOW 
on the receiver enable input allows the received data to be 
transferred to the output. The complementary design of the 
bus enable and receiver enable inputs allows these control Voc = Pin 16 
inputs to be connected together externally such that a single GND =Pin8 


transmit/receive function is derived. LIC-561 


LOGIC DIAGRAMS 


Am8T26A Am8T28 
Inverting Output (Three-State) Non-Inverting Output (Three-State) 


Do D, D2 D3 


LIC-562 LIC-563 


ORDERING INFORMATION CONNECTION DIAGRAM 
(Top View) 


Am8T26A Am8T28 


Package Temperature Order Order 
Type Range Number Number 


Molded DIP O°Cto+75°C N8T26AB N8T28B 

Hermetic DIP O°C to +75°C N8T26AF N8T28F 
Dice O°C to +75°C AM8T26AXC AM8T28XC 

Hermetic DIP —55°C to+125°C  S8T26AF S8T28F 
Dice —55°C to +125°C AM8T26AXM AM8T28XM 


Note: Pin 1 is marked for orientation. LIC-564 
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Am8T26A * Am8T28 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


























Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcec max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs (Receiver) 30mA 
DC Output Current, Into Outputs (BUS) 80mA 
DC Input Current —30mA to +5.0mA 





ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
The Following Conditions Apply Unless Otherwise Noted: 

N8T26A, N8T28 Tp =0°C to +75°C(COM'L) MIN.=4.75V MAX. =5.25V 

S8T26A, S8T28 Tap =—55°Cto +125°C(MIL) MIN.=4.50V MAX. =5.50V 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Te. 


Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


[tue [ tow Lever input Current (Orabied) | VinsoavSSC*T SS«T iY 
[Vor | tow tevelOutputVorase +4; tour =48maNows) ———SS*dYSCSSCS~*dSCSC“‘“‘“L™OS*YCVow~ 
[Vou | Hish Lew! Ou Vorigs ——~(|lour= 10mA Vec=VeomiNuiNower | 2a || —_—*'| vole 
[tos [Short iret Output unrent | Vout =0V. Vee VegMaxiNowa) | 80 |__| 180 | ma 
Receiver 

[i | cowteeinput cuenta SSCSC~CSCSSSC‘idSSC“‘S;UCSOOOCOUA 
[tin | Hiah Level input CurrentiRe) (| Vin=VooMaxSSSC*dSSCSC~idCSC‘“‘d;;SS~C*dYC nA | 
[Wor [ towLevelOuiput Votre ————~=«dt Four=20mawNows) ———SSS«Y SS SSC*T CY 


| = —100uA, Vcc = 5.0V 3.5 
VOH High Level Output Voltage our a ce i ee Cee Volts 


Both Driver and Receiver 

[ve [Low tovel input Theo vores [i 

[Wri _ | Hh Level npurThresnoldVotwee | —SSSSCS™CS~—~—SSCSSSCSSCdS 
[Low Level Outpt Off Leakage Gurrne_| VouT=O8VSSCS~dSCSC‘“dSC~* 


P Am8T26A| Vcc = VccMAX. 457/87 
WR/ Power/Current Consumption ce Ge tes ed m 
loc Am8T28 | Vcc = VccMAX. | 578/110 


Switching Characteristics (Ta = +25°C, Vcc = 5.0V) Am8T26A Am8T28 
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 


tPLH 

| PL | Driver Input to Bus Figure 1 || 

as 

Bus to Receiver Output Figure 2 

een] feeneewroume | tives 
t 

Driver Enable to Bus Figure 3 ie =| 

a 

Receiver Enable to Fi 4 | | 
tLz Receiver Output eee | 





Driver 













































Es 
=00 [na _| 
=o 
























Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. 
6 





- Output sink current is supplied through a resistor to Vec: 
. Measurements apply to each output and the associated data input independently. 
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Am8T26A « Am8T28 


DEFINITION OF FUNCTIONAL TERMS 


Do, D7, D2, D3 The four driver inputs. 

Bo, By, B2, Bz The four driver outputs and receiver inputs 
(data is inverted). 

Ro, Ri, Ra, Rg The four receiver outputs. Data from the 
bus is inverted while data from the driver inputs is non- 
inverted. 

B/E Bus enable input. When the bus enable input is LOW, Bo 


Input/Output 
R/E 


Ro 


LOW 
Input 
Unit Load 


Pin No.’s 
1 1/8 


1/16 


LOADING RULES (In Unit Loads) 


Fan-out 
Output Output 
HIGH LOW 


50 10 
25 





the four driver outputs are in the high-impedance state. Do 


R/E Receiver enable input. When the receiver enable input Rj 
is HIGH, the four receiver outputs are in the high-impedance By 


state. 
Dy 


1/8 


1/16 
1/8 


10 








D2 
B2 


OO), OPN] OD! oO] &] wi ny 


1/8 
1/16 


-~ 
oOo 





R2 
D3 


_ 
ay 


1/8 


= 
N 





B3 


= 
w& 


1/16 


50 


250 





R3 
~B/E 


= 
bh 


1/8 


_ 
o 





Vcc 


16 - 


50 


A TTL Unit Load is defined as —1.6mA measured at 0.4V LOW 
and 40uA measured at 2.4V HIGH, 


DRIVER FUNCTION TABLE 


Am8T26A | Am8T28 


INPUTS ouTPUT | OUTPUT 


X = Don’t Care 
Z = High impedance 


i=0,1,2,or3 i=0,1,2,or3 


X = Don’t Care 


Z = High Impedance 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


RECEIVER 
OUTPUT 


BUS DRIVER 
OUTPUT 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Note: Actual current flow direction shown. 


4-197 


ALL INPUTS 


RECEIVER FUNCTION TABLE 


LIC-565 





Am8T26A ¢ Am8T28 


AC TEST CIRCUITS AND WAVEFORMS 
PROPAGATION DELAY (Data In to Bus) 


2.6V 


INPUT 1.5V 1.5V 


ar - 23 tPLH 


OUTPUT 1.5V 1.5V 
PULSE 


GENERATOR 


INPUT PULSE: 

t, = ty = 5ns (10% to 90%) 

freq = 10MHz (50% duty cycle) 
Amplitude = 2.6V 


LIC-567 


LIC-566 Figure 1 LIC-568 


PROPAGATION DELAY (Bus to Receiver Out) 


INPUT fa 5V Yo 
PULSE 


1 
GENERATOR eal i= _.| teLy 


OUTPUT Yow fis 


INPUT PULSE: 

t, = tz = Sns (10% to 90%) 

freq = 10MHz (50% duty cycle) 
Amplitude = 2.6V 





LIC-570 


LIC-569 Figure 2 LIC-571 


PROPAGATION DELAY (Bus Enable to Bus Output) 


t(NPUT i 1.5V ‘ 1.5V 


PULSE t7, —»_ re a t 
GENERATOR past a 


OUTPUT 1.5V 
10% 


INPUT PULSE: 

t, = ty = Sns (10% to 90%) 
freq = 5MHz (50% duty cycle) 
Amplitude = 2.6V 


LIC-573 


LIC-§72 Figure 3 LIC-574 


PROPAGATION DELAY: (Receive Enable to Receive Output) 


1.5V 1.5V 


PULSE tLz TS 
10% 


GENERATOR 
OUTPUT f X 


INPUT PULSE 

t, = te = Sns (10% to 90%) 
freq = 5MHz (50% duty cycle) 
Amplitude = 2.6V 


LIC-576 


LIC-575 LIC-577 


Figure 4 7 
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Am8T26A ¢ Am8T28 


APPLICATION 


———— | 48IT BUS 
TO OTHER 
a es, AmRTIA‘s 








BBY a a a Boe Su: * “Sen's 
Ry Dy 

AmBT26A Am8T26A 
Ro D2 
R3 03 

B/E R/E B/E -R/E 


H = TRANSMIT H = TRANSMIT 
t= RECEIVE L = RECEIVE 


LIC-578 


Metallization and Pad Layouts 


Am8T26A Am8T28 























a een 











DIE SIZE 0.058” X 0.091" DIE SIZE 0.058” X 0.091" 
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Am9614 


Dual Differential Line Driver 





Distinctive Characteristics 


@ Dual differential line driver with complementary out- 
puts 

@ Single 5-volt supply 

e DTL, TTL compatible 


@ Short-circuit protected outputs 

@ Able to drive 5082 terminated transmission lines 

@ 100% reliability assurance testing in compliance with 
MIL-STD-883 


FUNCTIONAL DESCRIPTION 


The Am9614 is a DTL, TTL compatible line driver operating 
off a single 5V supply. 


The Am9614 is designed to drive either differential or single- 
ended, back-matched or terminated transmission lines. The 
device has the active pull-down and active pull-up circuits split 
and brought out to adjacent pins. This allows multiplex opera- 
tion (wire-AND) at the driving end in either the single-ended 
mode via the uncommitted collector or in the differential 
mode by use of the active pull-ups on one side and the un- 
committed collectors on the other. The complementary out- 
puts of the Am9614 give great application flexibility. 


The Am9614 has short-circuit protected active pull-ups, and 
incorporates input clamp diodes to reduce the effect of line 
transients, and can drive into 500 terminated transmission 
lines. 


CIRCUIT DIAGRAM (1/2 Am9614) 


ACTIVE PULL-UP 12(4)0 zl 


OUTPUT 13(3)0 


DA 5 
Ets 
3002S R15 


9(5) 0 





10(6)0 


11(7)0 
Dax 1002 1002 


R17 R18 


wn Wan 


Notes: 


Rg2ik sonzen SJ 
: ns 7 eat 


Qia ZA Ds 


ie 
vey Re a16 — 
2002 


1. Circuit shown for one driver only. 


LOGIC DIAGRAMS 


DRIVERA 


DRIVER B 


Vec = Pin 16 LIC-579 


GND = Pin8 


S16 Voc 


O(1}1ISACTIVE PULL-UP 


0(2)14 OUTPUT 


oVcc 


TO OTHER DRIVER 


LIC-580 


2. Pin numbers in parenthesis refer to the other driver, 


ORDERING INFORMATION 


Order 
Number 


9614DM 
9614FM 
AM9614XM 
9614DC 
9614PC 
AM9614XC 


Temperature 
Range 


—55°C to +125°C 

-55°C to +125°C 

-55°C to +125°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


Package 
Type 


Hermetic DIP 
Flat Pak 
Dice 
Hermetic DIP 
Molded DIP 
Dice 


output A[_]3 


input A(_]6 


InpuUTA[_]7 


CONNECTION DIAGRAM 


Top View 


14[_JOUTPUT B 


13[_ JOUTPUT B 


INPUT A[_]5 


11L_}INPUT B 


10{_ INPUT B 


LIC-581 


Note: Pin 1 is marked for orientation. 
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Am9614 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


—65°C to +150°C 





Temperature (Ambient) Under Bias 


—55°C to +125°C 

















Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vec max 
DC Input Voltage —0.5V to +5.5V 
Output Current, Into Ouputs 200mA 
DC Input Current Note 1 
ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 
9614XM (MIL) Ta = —55°C 10 +125°C VecMIN. = 4.50V VecMAX. = 5.50V 
9614XC (COM'L) Ta =0°C to +70°C VecMIN. = 4.75V VecMAX. = 5.25V 
DC Characteristics (Note 2) 
LIMITS 

Ta MIN. +25°C Ta MAX. 

Parameters Description Test Conditions Min. Max. Typ. Max. Min. Max. Units 


oO HI Vol veo ny 4 
utput HIGH Voltage igiece OMA 2: 


MIL 
Output LOW Voltage vee =MIN 
lol =40mA COM‘L 


Vo 
Vo 
Vv 


Vv 


MIL 
Input LOW Voltage Vec = MAX. Ce 
[mow owveiue | voomax. | COM’L 
Ve =0.4V, MIL 
Vcc = MAX. 
Vp = 0.45V, COM’L 


Input Load Current 


H 
L ’ 
nput oltage = 
IL - - 


Reverse Input Current vec = Max 
VR =4.5V 
ae Vcc = MAX 
Isc Short Circuit Current Vo = OV fo. 4 
Vcc = MAX 
Inputs = OV 
Vcc = 7.0V, COM'L 
Inputs = OV MIL 
Vcex = 12V, MIL 
Reverse Output Current Vcc = MAX 
VceEx = 5.25V, COM’L 
Vcc = MAX., 
Output Low Clamp Voltage lotc = 40mA 


Vcc =MIN., 
Nyc = —12mA 


Power Supply Current 


Vic Input Clamp Voltage 





Switching Characteristics (T, = 25°C unless otherwise specified) 
9614XM 
Parameters Description Test Conditions Min. Typ. 


TUE Sey Vcc = 5.0V, CL = 30pF, 


9614XC 


Min. Typ. Max. Units 





| tpg | Turn On Delay Vm = 1.5V, Refer to Fig. 1 


Notes:1. Maximum current defined by DC input voltage. 


2. For conditions shown as MIN, or MAX, use the appropriate value specified under electrical characteristics for the applicable device type or grade. 
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Ig, — OUTPUT CURRENT — mA 
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Am9614 


TYPICAL ELECTRICAL CHARACTERISTICS 


Output Low Current Versus 
Output Low Voltage 



































01 02 03 04 05 06 07 
Vo ~ OUTPUT VOLTAGE — VOLTS 


Supply Current Versus 
Supply Voltage 


NO LOAD 
Ta = 25°C 






























































6 8 10 
Vec - SUPPLY VOLTAGE — VOLTS 


Transfer Characteristics 
Versus Temperature 


Ioy — OUTPUT CURRENT — mA 


lec — SUPPLY CURRENT — mA 


Output High Current Versus 
Output High Voltage 








ees AT | 
nn Pi 
i hem 2a) ae 
ic [Vy 














4.0 
Voy — OUTPUT VOLTAGE — VOLTS 


Supply Current Versus 
Temperature 


UTPUTS OPEN 





























20 
60 140 


T, — AMBIENT TEMPERATURE — °C 








Tp = 125°C 
Ty = 28°C 
Ta= 55°C 





Logic Levels Versus 
Ambient Temperature 














Vout — OUTPUT VOLTAGE — VOLTS 











-~60 -20 0 20 60 100 140 
T, — AMBIENT TEMPERATURE — °C 


Supply Current Versus 
Operating Frequency 























leg — SUPPLY CURRENT — mA 
























































05 10 2.0 
f — FREQUENCY — MHz 


Transfer Characteristics 
Versus Supply Voltage 




















Vout — OUTPUT VOLTAGE — VOLTS 


o = 
0 O05 1.0 








15 2.0 2.5 
Vin — INPUT VOLTAGE — VOLTS 








Vout — OUTPUT VOLTAGE — VOLTS 





3.0 3.5 0.5 
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10 15 20 25 30 3.5 


Vin — INPUT VOLTAGE — VOLTS 


LIC-582 


Am9614 
USERS NOTES 


DIFFERENTIAL LINES. The Am9614 dual differential line 
driver can be used with the Am9615 dual differential line 
receiver to form an interconnection system which can tolerate 
extremely noisy environments and interconnect equipments 
where there is a +15V difference in voltage level of the equip- 
ment grounds. Two wires are used for each channel to forma 
balanced transmission line. This method of sending data 
between equipments offers extremely high protection from 
common mode noise and also gives excellent DC noise margins. 


MATCHING. Transmission lines can be matched in a number 
of ways. The most widely used method is to terminate the 
line at the receiving end in its characteristic impedance. This 
impedance is connected across the input terminals of the 
receiver. A 130Q resistor is included at the + input of each 
receiver for matching twisted pairs and this resistor, or if the 
characteristic impedance is not 130Q, a discrete resistor, is 
connected between the two receiver inputs. This method of 
matching causes a DC component in the signal. Power is 
dissipated in the resistor and the signal is attenuated. The DC 
component can be effectively removed by connecting a large 
capacitor in series with the terminating resistor. 


The transmission line can also be terminated through the 
receiver power supply by placing equal value resistors from 
the + input of the receiver to Voc and from the — input to 


TYPICAL DC CHARACTERISTICS 
FOR MATCHING TO TRANSMISSION LINE 


BACK MATCHING TABLE 


A-LOW STATE 
ARACTERISTICS 


Z| 
7 
= an 


CHARACTERISTICS 
[eae tls 
aa 


6 
Vout ~ OUTPUT VOLTAGE — VOLTS 





lout ~ OUTPUT CURRENT — mA 


LIC-583 


ground. This method again has the disadvantage that a DC 
signal component exists, attenuation occurs, and power is 
dissipated in the terminating resistors but it does allow multi- 
plexed operation in the balanced differential mode. 


An alternate method to matching at the receiver is to back 
match at the driver. A resistor is placed in series with the line 
so that the signal from the driver which is reflected at the high 
input impedance of the receiver is absorbed at the driver. 
This method does not have a DC component and therefore no 
attenuation occurs and power is not dissipated in the resistor. 
For balanced differential driving a resistor is required in series 
with each line. The table below shows the value of each 
matching resistor required for lines of different characteristic 
impedance. 


MULTIPLEXING. When operating in the balanced differential 
mode the Am9614 driver can be OR tied with other devices 
to allow multiplexed operation. The open collector NAND 
outputs are connected together and the active pull-up AND 
outputs are connected together. Selection of the active driver 
can be made by two of the three logic inputs on the driver. 
Multiplexed operation can only be performed with the lines 
terminated to the appropriate voltage level at the driver so that 
this method has a DC component and power is dissipated in 
the terminating resistors. 


LOADING RULES 


Fanout 
Input Output Output 
Input/Output Pin No.’s_ Unit Load HIGH LOW 


APUA 1 — 166 _ 
Output A — 25 
Output A 
APUA 
Input A 




















Input A 





Input A 
GND 
Input B 








OO} OLN] DO] a] B&B] O&O! DP 





a 
Oo 


Input B 


— 
_ 


Input B 
APU B 
Output B 

Output B 
APU B 


=a} mo 
oO} NM 





_ 
hb 





— 
a 





_ 
Oo 


Voc: 








Am9614 


SWITCHING CIRCUITS AND WAVEFORMS 


INPUT PULSE 


LIC-584 


INPUT PULSE 

Frequency = 500 kHz 
Amplitude = 3.0 +0.1 V 
Pulse Width = 110 £10 ns 
t, = t, << 5.0 ns 





APPLICATION 


Differential Mode Expansion 


Am9614 


Expand by tieing “NAND” outputs together 
and by tieing active pull-up “AND” outputs 
together. 
The drivers can be inhibited by taking one 
input to ground. 
LIC-586 


Metallization and Pad Layout 
Vec 16 


ACTIVE PULL-UP A 1 15 ACTIVE PULL-UP B 


14 OUTPUT & 


13 OUTPUT B 
12 ACTIVE PULL-UP B 


11 INPUT B 
10 INPUT B 


DIE SIZE 0.052” X 0.063” 
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Am9616 


Triple ELA RS-232C/MIL-STD-188C Line Driver 


Distinctive Characteristics 


Conforms to EIA RS-232C and CCITT V.24 specifi- 
cations and/or MIL-STD-188C 

Short circuit protected output 

Interna! slew rate limiting 


FUNCTIONAL DESCRIPTION 


The Am9616 is a triple line driver specifically designed to meet 
the EIA RS-232C and CCITT V.24 and/or MIL-STD-188C 
electrical interface requirements. Each driver accepts DTL/TTL 
logic levels and converts them to EIA/CCITT levels for data 
transmission between equipment. The output slew rate of each 
driver is internally limited, but can be lowered by an external 
capacitor. All outputs are short circuit protected, and pro- 
tected against fault conditions specified in RS-232C. A HIGH 
logic level on the inhibit input forces the driver output to Vo, 
or mark state. 


The Am9616EXC and Am9616XM meets the requirements of 


MIL-STD-188C and EIA RS-232C. The Am9616XC conforms 
to the requirements of EIA RS-232C. 


Supply independent output swing 


MIL-ST D-883 
TTL/DTL compatible input 


bes er 8 te UV 


LOGIC SYMBOL 


INPUT A, — 


4 
2 O—— OUTPUT A 
INPUT Ag 


INHIBIT A — 
INPUT By 2 


10 
- OUTPUT B 
INPUT Bo 


INHIBIT B ut 


5 
INPUT:C o— ourputc 
INHIBIT C — NEee rine 
Vec = Pin 14 
GND = Pin 7 


LIC-587 


CIRCUIT DIAGRAM 
(One Driver Shown) 


3(11) (6) 
INHIBIT © 


1(13) (5) 
10 


Am9616 ORDERING INFORMATION 


Order 
Number 


Package Temperature 


TO OTHER 
CIRCUITS 


TO OTHER 
CIRCUITS 


LIC-588 
CONNECTION DIAGRAM 
Top View 


INPUT Ay [_| i 


100% reliability assurance testing in compliance with 


_ Type 


Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic DIP 
Molded DIP 
Molded DIP 
Dice 


Range 


-55°C to +125°C 

~55°C to +125°C 
0°C to +75°C 
0°C to +75°C 
0°C to +75°C 
0°C to +75°C 
0°C to +75°C 


9616DM 
AM9616XM 
9616EDC 
9616DC 
9616EPC 
9616PC 
AM9616XC 
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INPUT Az | | 2 
INHIBITA | | 3 
ouTPUTA | } 4 
inpuTc [ | 5 


INHIBITC |_| 6 


Note: 


13 | | INPUT By 
12 | | INPUT Bz 
1 {| INHIBIT B 
10 [ ] OUTPUT B 


9 [ |] outeutc 


Pin 1 is marked for orientation. 
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Am9616 
MAXIMUM RATINGS (Above which the useful life may be impaired) 








Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias 0°C to +75°C 
Supply Voltage to Ground Potential 

Vec +15V 

Vege -15V 
DC Voltage Applied to Outputs t15V 
DC Input Voltage -~1.5V to t6V 
Lead Temperature (Soldering, 30 set.) 300°C 

Am9616XM AND Am9616EXC 


RS232-C AND MIL-STD-188C 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Noted: 
Am9616XM (MIL) Ta = —55°C to +125°C 
Am9616EXC (COM'L) Tp =0°C to +70°C 
Veco =t12V +10%, Veg = —12V + 10%, Ry = 3k2 
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Typ. 
Parameters Description Test Conditions Min. (Note1) Max. Units 


Output LOW Voltage 


Vv +e Output HIGH Voltage to Output 
OH LOW Voltage, Magnitude Matching 
VoL Error 
RouT Output Resistance, Power On 
Positive Output Short Circuit Current 
Negative Output Short Circuit Current 


Input HIGH Voltage 
Input LOW Voltage 


Input HIGH Current 


Input LOW Current 


RouT Output Resistance, Power Off 
Positive Supply Current Ta =+25°C 
P| Negative Supply Current Ta =+25°C 





AC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE OF Ta = 0°C TO 70°C (Note 2) 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


OpF < C; < 2500pF 
Positive Slew Rate ai ae i“ 30 Vius 
Ry > 3kQ 
OpF < C; < 2500pF 
Negative Slew Rate 2 L c —30 
Rx 2 3kQ 


Notes: 1. Typical values are at Voc = 12V, Veg = —12V, Ta = 25°C. 
2. An external capacitor may be needed to meet signal wave shaping requirements of MIL-STD-188C at the applicable modulation rate. 
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Am9616 


| Am9616XC 
ELECTRICAL CHARACTERISTICS EIA RS-232-C 


The Following Conditions Apply Unless Otherwise Noted: 
Ta = 0°C to +75°C, Vcc = +12V + 10%, Veg = —12V + 10%, RE = 3k 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

















Input LOW Level Guaranteed input logical LOW voltage nae of 0.8 Volts 
Input LOW Current Ving = Ving =0.4V or Vinuipit = 0.4 V | 1.2 | -16 | ma | 
Input HIGH Current Vin, = Ving =2.4V or ViINnHiBit =2-4V Pf 40 fe 


Rt = 02 
aa in -8 -17 -30 mA 
Output Short Circuit Current (Positive) VINy Ge VIN> = Vinuigit = 0.8V oe 


Output Short Circuit Current (Negative) Lees +8 +17 +30 mA 
Vin, OF VINg = Vinuisit = 2.0V 
Vv =V =V =0.8V 15 22 

Total Positive Supply Current at IN INE a 


Vin, = Ving = Vinuisit = 2.0V EH 
| | 











Parameters Description Test Conditions Min. Rie Max. Units 
Vou Output HIGH Voltage Vin, OF VINs = Vinuisit = 9.8V +5.0 +6.0 +7.0 Volts 
VoL Output LOW Voltage Vin, = Ving = Vinuisit = 2.0V Volts 

Input HIGH Level Guaranteed input logical HIGH voltage feof set 50 | Volts 
ty 











ao 
re) 








Q 
9) 











Vin, = Ving = VinHisit = 9.8V 


Vin, = VIN = VinHisit = 2.0V 


Total Negative Supply Current 





AC CHARACTERISTICS 
Parameters Description Test Conditions Min. Typ. Max. Units 


t Delay from Input LOW to Output HIGH 

y from Inp p Gren the erat 
Delay from Input HIGH to Output LOW 

| Positive Slew Rate 

i OpF <C; < 2500pF, Ry > 3k2 


Negative Slew Rate 


TYPICAL CHARACTERISTICS 


Output Slew Rate 
Transfer Characteristics versus Load Capacitance 



































SLEW RATE — VOLTS/ys 














Vg — OUTPUT VOLTAGE — VOLTS 


















































0 0.2 0.406 08 1.0 1.21.4 1.6 18 2.0 100 10,000 
Vin ~ INPUT VOLTAGE — VOLTS C_ ~ CAPACITANCE — pF 


Vin Vo Vin Vo 
3kQ + cL 


Short-Circuit Output Current Maximum Operating Temperature 
versus Temperature versus Power-Supply Voltage 
16 





















































0 25 75 125 
Ta — AMBIENT TEMPERATURE — °C 


Ig¢ — SHORT CIRCUIT OUTPUT CURRENT — mA 


Ta — AMBIENT TEMPERATURE — °C 


Voc = Veg — POWER SUPPLY VOLTAGE — VOLTS 
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Am9616 


SWITCHING TEST CIRCUIT 


INPUT 1 
OUTPUT 


INPUT 2 


INHIBET 1/3 OF 9616 


Note: Omit Vina for channel “C’’. 


LIC-591 


VOLTAGE WAVEFORMS 





ov 
OUTPUT 


Pulse Generator Rise Time = 10 + 5ns. 


LIC-592 | 


Metallization and Pad Layout 








Am9617 


RS-232C Line Receiver 





Distinctive Characteristics 


Compatible with EIA RS-232C and CCITT V24 speci- 
fications. 

Input signal range +30 volts 

Available in commercial and military temperature 
range 


FUNCTIONAL DESCRIPTION 


The Am9617 is a triple line receiver that meets both the CCITT 
TV24 and EIA RS-232C specifications. Each receiver has single 
data input that can accept signal swings of up to +30V. The 
output of each receiver is TTL/DTL compatible, and includes 
a 2kQ2 resistor pull-up to Voc. Each receiver has a hysteresis 
input so that the hysteresis can be controlled by means of a 
series resistor between the HYST input and a response control 
input RESP. 


Because of this hysteresis in switching thresholds, the device 
can receive signals with superimposed noise or with slow rise 
and fall times without generating oscillations on the output. 
The threshold levels may be offset by a constant voltage by 
applying a DC bias to the response control input. A capacitor 
added to the response control input wil! reduce the frequency 
response of the receiver for applications in the presence of 
high frequency noise spikes. The companion line driver is the 
Am9616. 


@ Variable hysteresis 

@ 100% reliability assurance testing in compliance with 
MIL-STD-883 

@ Includes response control input and built-in hysteresis. 


LOGIC SYMBOL 


HYSTA 
RESP A 


INA 


HYSTC 
RESP C 


INC 


Voc = Pin 14 
GND = Pin 7 LIC-593 


CIRCUIT DIAGRAM 
(One Receiver) 


HYSTERISIS © 
RESPONSE © 


INPUT O 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 


Hermetic DIP ~55°C to +125°C 9617DM 

Hermetic DIP O°C to +75°C 9617DC 

Molded DIP 0°C to +75°C 9617PC 
Dice -55°C to +125°C AMS617XM 
Dice 0°C to +75°C AM9617XC 





LIC-594 


CONNECTION DIAGRAM 
Top View 


12 [_] HystTB8 


11[_] RESPB 


NOTE: Pin 1 is marked for orientation. LIC-595 
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Am9617 
MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65°C to +175°C 















































Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 14 to Pin 7) Continuous —0.5Vto+7.0V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Voc max. 
Input Signal Range = —30 V to +30 V 
Output Current, Into Outputs 30mA 
DC Input Current Defined by Input Voltage Limits 


ELECTRICAL CHARACTERISTICS 


The Following Conditions Apply Unless Otherwise Noted: 

Am9617XM (MIL) Ta =—55°C to+125°C }=9VecMIN.=4.50V Vcc MAX. =5.50V 
Am9617XC (COM’L) Ta =0°C to +70°C Vcc MIN. =4.75V. Veg MAX. = 5.25V 
Response Control Pin Open Unless Otherwise Specified 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


Vin = +25V 

| = —0.2mA, Voc = Min. 
Output HIGH Voltage OH MAE EC = MIN a 

Vin = —3.0V, OV or Open Circuit 

lot =8mMA, Vcc = Min. —} 
Output LOW Voltage Ob ema NEG an 

Vin = +3.0V 

| —55°C 2.3 


oc 1.9 
VoL = 0.45V, Veg = 5.0V ie 
Vin Input HIGH Level Threshold of ce 25°C 1.75 2.0 2.25 Volts 
Resp-Hyst Connected 
75°C 1.45 1.90 
125°C 1.20 1.65 
= hess 


Von = 2.5V, Voc = 5.0V 
Vit Input LOW Level Threshold on CG 25°C 0.75 0.95 1.25 Volts 
Resp-Hyst Connected {+—— aan 
o 


mie 









Input Resistance 








Open Circuit Input Voltage 

















































































































Open Loop Input Threshold 



















Input LOW Current 











Vin = —25V 














Input HIGH Current VIN = t25V 

















iy rrr 
Output Short Circuit Current Vin = 9.0V, VouT = 0.0V 
Power Supply Current Vin = 5.0V, Voc = Max. 




















Notes:1. Typical Limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
2. The input threshold margin for the device is greater than the voltage computed as the Vt4+—VT— value. For the minimum value see the input 
threshold margin versus temperature graph, 


Switching Characteristics (Ta = 25°C, response control pin open, CL = 15 pF) 
Parameters Definition Test Conditions Min. Typ. Max. Units 


Delay from Input LOW to Output HIGH RL =3.9kQ2 
Delay from input HIGH to Output LOW Re° = 3902 








Output Rise Time (10% to 90%) RE =3.9kQ 
Output Fall Time (90% to 10%) Ri = 3902 
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Am9617 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


Vec 
© 











LIC-596 


PRR =1MHz 
Pw = 500ns 
SLOPE = 30V/ys 


RL = 3902 Ry =3.9k2 





-597 
Note: Wiring capacitance should be minimized between Outputs, Hysterisis and Response Pins. G2 


TYPICAL CHARACTERISTICS 


Rg = 8k Input Threshold Re = O Input Threshold 
Input Current Voltage Adjustment Voltage Adjustment 



































Vg-OUTPUT VOLTAGE-V 


{i y-INPUT CURRENT—inA 
Vo-OUTPUT VOLTAGE-V 





















































0 
-15 5.00450 +15 —3.0-2,.0-1.0 0 +1.0 +2.0 +3.0 +4.0 +5.0 —3.0 -2.0-1.0 0 +1.0+2.0 +3.0 +4. 
Vin-INPUT VOLTAGE-V Vin-INPUT VOLTAGE-V Vin—INPUT VOLTAGE-V 


o 


+5.0 


Vin 
: Rt resp AF Rt RESP 
ci HYST 
Vins 


Input Threshold Voltage input Threshold Versus 
Versus Temperature Power-Supply Voltage 























INPUT THRESHOLD VOLTAGE-—V 











Vin. INPUT THRESHOLD VOLTAGE-V 




















8.0 12 
AMBIENT TEMPERATURE (°C) V+, POWER SUPPLY VOLTAGE-V LIC-598 
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SWITCHING TIME TEST CIRCUIT & WAVEFORMS 











PRR =1MHz 
PW = 500ns 
SLOPE = 30V/us 


Ri = 3902 RL =3.9k2 


] te 
10% 





NOTE: Wiring capacitance should be minimized between Outputs, Hysterisis and Response Pins. 


Metallization and Pad Layout 


AIN Voc DIN 


BOUT GND COUT 
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Am9617 


LIC-599 


LIC-600 









ALPHA NUMERIC INDEX 
FUNCTIONAL INDEX 
SELECTION GUIDES 
INDUSTRY CROSS REFERENCE - 
DICE POLICY 

ORDERING INFORMATION 
MIL-M-38510/MIL-STD-883 










COMPARATORS 


DATA CONVERSION PRODUCTS 





ee LINE DRIVERS/RECEIVERS 





MOS MEMORY AND MICROPROCESSOR INTERFACE 





> OPERATIONAL AMPLIFIERS. 
SPECIAL FUNCTIONS — 


VOLTAGE REGULATORS. 


PACKAGE OUTLINES 
GLOSSARY 

- AMD FIELD SALES OFFICES, ; SALES | REPRESENTATIVES, 
DISTRIBUTOR LOCATION : 


©COnNAURWNr o 





MOS Memory and Microprocessor Interface — Section V 


Am0026/0026C 5MHz Two-Phase MOS Clock Driver 
Am0056/0056C 5MHz Two-Phase MOS Clock Driver 
Am8224 Clock Generator and Driver 
Am8228 System Controller and Bus Driver 


Am8238 System Controller and Bus Driver 


Am0026/Am0026C — 


5MHz Two-Phase MOS Clock Driver 





Distinctive Characteristics 

@ 20 ns rise and fall times with 1000 pF load 
@ 20V output voltage swing 

@ +1.5 amps output current drive 


@ High speed 5 to 10 MHz depending on load 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883 


FUNCTIONAL DESCRIPTION 


The Am0026 is a dual high speed MOS clock driver and 
interface circuit. The device is particularly suitable for 
driving two phase MOS circuits and can provide high speed 
operation even when driving into high capacitive loads. The 
device accepts standard TTL/DTL outputs and converts 
them to MOS logic levels. The output pulse width of the 
device is determined by the input pulse width. 


The Am0026 can operate with a variety of MOS circuits. A 
popular application is a two-phase clock timer for driving 


long silicon gate shift registers such as the Am1402/3/4 
series. A single clock driver is able to drive 10k bits at 5MHz. 
The device can also be used with standard dynamic MOS 
RAMS such as the 1103 to provide address and precharge 
drive for memories up to 8k by 16-bits. 


The device is available in an 8-lead TO-5, one watt copper 
lead frame 8-pin mini-DIP, a one and one-half watt TO-8 
package, and a 14-pin ceramic package. 


SCHEMATIC DIAGRAM 
(One Driver Shown) 


EXTERNAL 
Cin 


ORDERING INFORMATION 


Package 
Type 
TO-99 
Mini-DIP 
TO-8 
Ceramic DIP 
Dice 


Temperature 
Range 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 


Order 
Number 


MHO0026CH 
MHO026CN 
MHO0026CG 
MMHO0026CL 
AMO026XC 


LIC-601 


CONNECTION DIAGRAMS 
Top Views 


Ceramic DIP Mini DIP 





MHO0026H 
MHO0026G 
MMHO0026L 
AMO0026XM 


—55°C to +125°C 
TO-8 55°C to +125°C 
Ceramic DIP —55°C to +125°C 
Dice —55°C to +125°C 


TO-99 


LIC-602 


ic NC 
INPUT B 
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Am0026/0026C 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


















































Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Vt_\V7 Differential Voltage 22V 
Input Current 100 mA 
Input Voltage (Vin—V7) 5.5V 
Peak Output Current 1.5A 
Power Dissipation See curves 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 





















































Am0026C Tp = 0°C to 85°C (COM Range) vt_v-=10V to 20V 
Am0026 Ta = —55°C to +125°C (MIL Range) Unless Otherwise Specified 
Parameter Description Test Conditions (Note 1) Min. Typ. (Note 2) Max. Units 
vt =45.0V, V7 =-12.0V 
4.0 4.3 
Vou Output HIGH Voltage Vin =~11.6V Volts 
(Logical ''O’') Vin-V7=0.4V vt -1.0 vt -0.7 
vt =+5.0V, V7 =-12.0V ae ve 
VoL Output LOW Voltage Vin =-9.5V ; Volts 
{Logical “1"") Vin -V7~=2.5V V~ +0.5 V7 +1.0 
Vin Input HIGH Level Vout = V7 +1.0V 2.5 1.5 Volts 
Input LOW Level Vout = V*-1.0V 0.6 0.4 Volts 
Ne Input LOW Current Vin — V7 =0V, Vout = V* =1.0V -0.005 -10 | uA 
Ny Input HIGH Current Vin —V7~ = 2.5V, Vout = V~+1.0V 10 15 mA 
I “a . + = re —— i 
CC on ON” Supply Current V"—V7 =20V, Vin—-V7=2.5V 30 40 mA 
COM'L 10 100 
lec OFF “OFF” Supply Current vt_—v-=20V, ViIN—-—V7 =0.0V HA 
MIL 50 500 


Notes: 1. These specifications apply for vt —v7 = 10V to 20 V, CL = 1000pF, over the temperature range -55°C to +125°C for the Am0026 and 0°C to 
+85°C for the AmO026C. 
2. All typical values for Ta = 25 C. 


Switching Characteristics (Notes 1 and 2 Above) 
Parameter Description Test Conditions Min. Typ. Max. Units 






Turn On Delay 
Turn Off Delay 


























vt_—Vv~=17V, Cy = 250 pF 12 


tr Rise Time (Note 3) | vives 17V, CL = 500 pF 15 18 ns 


vt _v~=17V, CL = 1000 pF 20 Ce | 
vt_v-=17V, Cy = 250 pF 10 [ 
Fall Time (Note 3) vt —V7=17V, CL = 500 pF 16 ns 


vt_—v7 =17V, Cy = 1000 pF 

























































Note: 3. Rise and fall times are given for MOS logic levels; i.e., rise time is transition from logic ‘’0’’ to logic ‘“1’’ which is voltage fall. See switching time 
waveforms. 
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RISE TIME — ns TRANSIENT POWER — mW POWER DISSIPATION — W 


TURN-ON & TURN-OFF TIMES — ns 


Am0026/0026C 


TYPICAL PERFORMANCE CHARACTERISTICS 


Power Ratings 
TO-5 & 8-Pin DIP 


AmO0026CN SOLDERED TO PC 
BOARD WITH 8 CU 
CONDUCTORS 
.202 X .03 IN. WIDE ; 

4 


Am0026H AND Am0026CH 
. IN STILL AIR WITH CLIP 
A ON HEAT SINK 








Am0026H & 
IN STILL Al 








25 50 75 100 125 150 
AMBIENT TEMPERATURE — °C 


Transient Power (Pac) 
Versus Frequency 












































2.0 3.0 
FREQUENCY — MHz 


Rise Time 
Versus Load Capacitance 















































200 400 600 800 1000 1200 
LOAD CAPACITANCE — pF 


Turn-On & Turn-Off Time 
Versus Temperature 


vt—v— = 204 

Cin = Cy = 1000 pF — 
Rg = 502 
—f- aD + 









































25 50 75 100 125 


6 
-76 -50 -25 0 
TEMPERATURE — °C 


FALL TIME — ns SUPPLY CURRENT — mA POWER DISSIPATION — W 


RISE TIME — ns 


Power Rating 
TO-8 & 14-Pin DIP 


Am0026G & Am0026CG IN 
STILL AIR WITH CLIP-ON 
HEAT SINK (THERMALLOY 


TYPE 215-19 OR EQUIV.) 
IN + 
‘Am0026G & 
Am0026CG IN STILL AIR 


50 75 100 125 150 
AMBIENT TEMPERATURE — °C 

















Supply Current 
Versus Temperature 

















6.0 
-75-50~-25 0 25 50 75 100 125 


TEMPERATURE — °C 


Fall Time 
Versus Load Capacitance 























200 400 800 
LOAD CAPACITANCE — pF 


Rise Time 
Versus Temperature 























0 
—7§ -50-25 0 25 50 75 100 125 
TEMPERATURE — °C 


OUTPUT PULSE WIDTH — ns INPUT CURRENT — mA POWER — mW 


FALL TIME — ns 


DC Power (Ppc) 
Versus Duty Cycle 
Ta = 25°C 


cy =0 
of, 









































10 20 30 40 50 60 70 80 
DUTY CYCLE ~% 


Input Current 
Versus Input Voltage 









































0.5 
INPUT VOLTAGE — V 


Optimum Input Capacitance 
Versus Output Pulse Width 


800 
Vt—-V7 = 20V 

700 Cy. = 1000 pF 
Ta = 25°C 

600 +—> 








500 





400 


300 








200 





100 



































0 
200 400 600 800 1000 1200 


Cin — INPUT CAPACITANCE — pF 


Fall Time 
Versus Temperature 









































0 
—75 -80-25 O 25 50 75 100 125 


TEMPERATURE — °C 
LIC-603 





Am0026/0026C 


SWITCHING TIME WAVEFORMS 


5V 


Vin INPUT VCE (SAT) 


a 


OUTPUT = ‘i 
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APPLICATION INFORMATION 


POWER DISSIPATION 


The total average power dissipation of the Am0026 is the sum 
of the DC power and AC transient power. This total must be 
less than the given package power rating. 


Poiss = Pac + Poc < Pmax. 


With the device dissipating only 2 mW when the output is at 
a HIGH voltage (MOS logic 0’), the dominant factor in 
average DC power is the duty cycle or fraction of the time 
the output is at a LOW voltage level (MOS logic “T’’). For 
the shift register driving where the duty cycle is less than 25%, 
Poc is usually negligible. For RAM address line driver appli- 
cations Ppc dominates since duty cycle can exceed 50%. 


DC Power per driver: 
DC power is given by, 

Poc = (Vt-V7) x Is (Low) X Duty Cycle 
where Is (Low) is IsuPPLY (ON) at (V¥—V7) 


+ —_ 
IsUPPLY(ON) is 40 mA x oye worst case 
(vt¥-V7) 
or 30mA x ———— typicall 
20V yp y 


AC transient power per driver: 
AC transient power is given by, 
Pac = (Vt—V7)2 x C_.x f x 1073 in mW 


where f=frequency of operation in MHz and Cy, =load 
capacitance including all strays and wiring in pF. 


PACKAGE SELECTION 


Power ratings are based on a maximum junction rating of 
175°C. The following guidelines are suggested for package 
selection. Graphs shown in the Performance Curves illustrate 
derating for various operating temperatures. 


TO-5 ("H") Package: Rated at 600 mW in still air (derate at 
4.0mW/C above 25°C) and rated at 900 mW with clip-on 
heat sink (derate at 6.0mW/C above 25°C). This popular 
hermetic package is recommended for small systems. Low 
cost (about 10¢) clip-on-heat sink increases driving power 
dissipation capability by 50%. 

8-pin (“’N’) Molded Mini-DIP: Rated at 600 mW still air 
(derate at 4.0mW/C above 25°C) and rated at 1.0 watt 
soldered to PC board (derate at 6.6 mW/°C). Constructed with 
a special copper lead frame, this package is recommended for 
medium size commercial systems particularly where automatic 





5-4 


AC TEST CIRCUIT 


OUTPUT 


INPUT 

Vin =5V 
PRF = 1MHz 
PW = 0.5us 
t, = tp 10ns 
Rag = 1k 


LIC-605 


insertion is used. (Please note for prototype work, that this 
package is only rated at 600 mW when mounted in a socket 
and not one watt until it is soldered down.) 

103 (Prax, Req -103n (Vt —V7)? Duty Cycle) 
0 Req (Vt—V7)2 x f 

where n is the number of drivers used in the package. 


Cy (max.) = 


Pmax, is the package power rating in milliwatts for given 
package, heat sink, and maximum ambient temperature. 


Req is the equivalent resistance (V*—V7)/Ig (Low) = 5002 
(worst case over temperature or 600 2 (typically). 


Duty cycle is the fraction of the time that the output signal is 
in the LOW state. 


f is the input signal frequency in MHz. 


CLimax.) is the maximum load capacitance per driver in pico- 
farads which can be driven without exceeding device power 
timits. 

When used as a non-overlapping two phase driver with each 
side operating at the same frequency and duty cycle, and with 
(Vt—V7) -17V, the above equation simplifies to 


_ 103 ES 
f L578 


Table | gives maximum drive capability for various system 
conditions using the above equation. 


L — Duty cycle] 


PULSE WIDTH CONTROL 


The Am0026 is intended for applications in which the input 
pulse width sets the output pulse width; i.e., the output pulse 
width is logically controlled by the input pulse. The output 
pulse width is given by: 


(PW) out = (PW)iny + t= PWin +25 ns 


Two externa} input coupling capacitors are required to perform 
the level translation between TTL/DTL and MOS logic levels. 
Selection of the capacitor size is determined by the desired 
output pulse width. Minimum delay and optimum performance 
is attained when the voltage at the input of the Am0026 dis- 
charges to just above the devices threshold (about 1.5 V). If 
the input is allowed to discharge below the threshold, ty 
and t¢ will be degraded. The graph in the Performance Curves 
shows optimum values for Cy versus desired output pulse 
width. The value for Ci mav be roughly predicted by: 


Cin =(2x 10-3) (PW)out 
For an output pulse width of 500ns, the optimum value for 
Cyn is: 
Cyy = (2x 1078) (500 x 10-9) = 1000 pF 


Am0026/0026C 
RISE AND FALL TIME CONSIDERATIONS (Note 3) critical valve for Rs=2VL/C, where L is the self-inductance of 


The Am0026's peak output current is limited to 1.5A. The the clock line. In practice, determination of a value for L is 

peak current limitation restricts the maximum load capacitance rather difficult. HOWEVER Rs is readily determined emperically; 

which the device is capable of driving and is given by: and: “values: typically ‘range: between 10’ and 5152. ‘Hs sdoes 
reduce rise and fal! times as given by: 


= dv an 
ei oe t= 1, 2.2Rs €y 


The rise time, t,, for various loads may be predicted by: CLOCK LINE CROSS TALK 


At the system level, voltage spikes from ¢, may be transmitted 
to ¢2 (and vice-versa) during the transition of 6, to MOS logic 
Where: A V = the change in voltage across C,_ 1" The spike is due to mutual capacitance between clock 
lines and is, in general, aggravated by long clock lines when 


tp =(AV) (250 x 10-12 + C,) 


~yt_yr 
aa numerous registers are being driven. Transistors Q3 and Q4 
C,_ = The load capacitance on the 2 side of the Am0026 are essentially ‘OFF’ when 
for Vt—v7 = 20V, Cy = 1000pF, ty is: ¢2 is in the MOS logic “0” state since only micro-amperes are 
drawn from the device. When the spike is coupled to 9, the 
ty = (20 V) (250x 10-12 + 1000 x 10-12) output has to drop at least 2 Vgg before Q3 and Qg come on 
=25ns and pull the output back to V*. A simple method for elimin- 


ating or minimizing this effect is to add bleed resistors between 
the Am0026 outputs and ground causing a current of a few 
milliamps to flow in Q4. When a spike is coupled to the clock 
line Qg is already “ON” with a finite hg. The spike is quickly 


For small values of Ci, the equation above predicts optimistic 
values for t,. The graph in the performance curves shows typical 
rise times for various load capacitances. 





The output fall time (see Graph) may be predicted by: clamped by Qy. Values for R depend on layout and the 
Cy number of registers being driven and vary typically between 
Patera, ec Sere 2k and 10kQ. 
FE 
CLOCK OVERSHOOT POWER SUPPLY DECOUPLING 
The output waveform of the Am0026 can overshoot. The Adequate power supply decoupling is necessary for satisfactory 
overshoot is due to finite inductance of the clock lines. It operation. Decoupling of V* to V™ supply lines with at least 
occurs on the negative going edge when Q7 saturates, and on 0.1 uF noninductive capacitors as close as possible to each 
the positive edge when Q3 turns OFF as the output goes Am0026 is strongly recommended. This decoupling is neces- 
through Vv" =Vbe: The problem can be eliminated by placing sary because otherwise 1.5 ampere currents flow during logic 
a small series resistor in the output of the Am0026. The transition in order to rapidly charge clock lines. 





TABLE | — WORST CASE MAXIMUM DRIVE CAPABILITY FOR Am0026* 


TO-8 with TO-8 Mini-DiP TO-5 and Mini-DIP 14-PinDIP | 
Package Type Heat Sink Free Air Soldered Down Free Air Soldered Down 








Max: so°c | 85°C 
Operating : 
Frequency 








100kHz 13k 
500kHz 2.5k 
1MHz 1.1k 
2MHz 540 
5MHz ie 220 
10MHz 110 


















































*Note: Values in pF and assume both sides in use as non-overlapping 2 phase driver; each side operating at same frequency and duty cycle with (vt —-V~)=17V. 


TYPICAL APPLICATIONS 


AC Coupled MOS Clock Driver DC Coupled RAM Memory Address 
or Precharge Driver (Positive Supply Only) 


_ 1000 pF 


TTL Am0026 CLOCK TO Am0026 ON 1103 


TWO PHASE TO ADDRESS LINES 


SHIFT REGISTERS MEMORY DEVICES 


e 1000 pF 


LIC-606 LIC-607 
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Am0026/0026C 
TYPICAL APPLICATIONS (Cont.) 


Logically Controlled AC Coupled Clock Driver 


A 
Am1402 zn 
eLimebor 2-INPUT 1024-BIT 
AND GATE SHlET ADDITIONAL 
REGISTER REGISTERS 
5 
O 


Am0026CN 


ae 


CLOCK INPUT — 2 fg 


9601 
NE Snot ONE SHOT OUTPUT — ADJ PULSE WIDTH 
PHASE ONE OUTPUT 


PHASE TWO OUTPUT 





LIC-608 


Metallization and Pad Layout 


1 
O 
OUTPUT A OUTPUT B 
INPUT A INPUT B 
1k 
$2 
4 
O 
Am0026 


Peale 


= DIE SIZE 0.063” X 0.078” 
LIC-609 . 


ins 





Am0056-Am0056C 


5MHz Two-Phase MOS Clock Driver 


Distinctive Characteristics 

@ 20ns rise and fall times with 1000pF load 
@ 20V output voltage swing 

e@ +1.5 amps outnut current drive 





@ High speed 5 to 10MHz depending on load 
@ 100% reliability assurance testing in compliance with 


MIL-STD-883 


® Improved Voy compared with Am0026 


FUNCTIONAL DESCRIPTION 


The Am0O056 is a dual high speed MOS clock driver and 
interface circuit. The device is particularly suitable for 
driving two phase MOS circuits and can provide high speed 
operation even when driving into high capacitive loads. The 
device accepts standard TTL/DTL outputs and converts 
them to MOS logic levels. The output pulse width of the 
device is determined by the input pulse width. 

The Am0056 can operate with a variety of MOS circuits. A 
popular application is a two-phase clock timer for driving 
long silicon gate shift registers such as the Am1402/3/4 


series. A single clock driver is able to drive 10k bits at 5MHz. 
The device can also be used with standard dynamic MOS 


RAMS such as the 1103 to provide address and precharge 
drive for memories up to 8k by 16-bits. 


The device is available in a TO-99, one watt copper lead 
frame 8-pin mini-DIP, a one and one-half watt TO-8 package, 
and a ceramic DIP. 


The Vgpg terminal is intended to be connected through a 


series resistor to a supply higher than V+. This connection 
will enable the output to pull-up to V*—0.1V. Under no 
conditions should the Vgg terminal be connected directly 
to a positive supply as the device will be damaged when the 
driver switches LOW. 


SCHEMATIC DIAGRAM (One Driver Shown) 


EXTERNAL 
IN 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 


TO-99 0°C to 70°C DSO056CH 

Mini-DIP 0°C to 70°C DSOO56CN 

Ceramic DIP 0°C to 70°C DSOOS6CJ 
Dice 0°C to 70°C AMOO056XC 


TO-99 —55°C to+125°C DSOO56H 
Ceramic DIP —55°C to+125°C DSO056J 
Dice —55°C to +125°C = AMOOS6XM 


° Ves 


LIC-610 


CONNECTION DIAGRAMS 
: Top Views te 
Ceramic DIP Mini DIP 


LIC-611 








Am0056/Am0056C 
MAXIMUM RATINGS (Above which the useful life may be impaired) 





























Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vt —V-— Differential Voltage 22V 
Input Current , 100mA 
Input Voltage (Vin—V—) 5.5V 
Peak Output Current 1.5A 
Power Dissipation See curves 
Ves Voltage Vt+5.0V 
Current Into Veg 50mA 
Operating Temperature—Am0056 —55°C to +125°C 

Am0056C 0°C to 70°C 





ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vin - V7 =0.4V 
Output HIGH Voltage VB Open Circuit (RBB = °°) 


(Logical 0’ Output Voltage) Vin - V—=0.4V 
ates rm vt+—o0.3{ v*+-0.1 
Rep = 1k; Veg Vg > Vt +1.0V 
Output LOW Voltage = 
Vv Vin — V7 = 2.4V V- +0.7 | V—+1.0 Volt 
a ote ny re a " | [re 7 


Vin Input HIGH Level Vout = V~ +1.0V pois Volts 
VIL Input LOW Level Vout = Vt -1.0V | [os | om | Volts 
Ue Input LOW Current Vin — V7 = OV, Vout = Vt -1.0V | | 0.005 | —10 LA 

WH Input HIGH Current Vin — V7 = 2.4V, Vout = V7 +1.0V ea a | 15 mA 


“ON” Supply Current vt — V— = 20V, Vin — V~ = 2.4V = aA 


VOH Volts 

















“OFF” Supply Current Vt—V-=20V,Vin-V7= 








vt — V— = 20V, Vin — V7 = 2.4V 


“ON” S I t 
upply Curren VBB = yt +3.0V, Rap = 1k2 





Notes: 1. These specifications apply for vt —v7 = 10V to 20 V, CL = 1000pF, over the temperature range -55°C to +125°C for the Am0056 and O°C to 
+70°C for the AmMOOS6C. : 
2. All typical values for Ta = 25 C. 


SWITCHING CHARACTERISTICS (Notes 1 and 2 Above) 


Parameters Description Test Conditions Min. Typ. Max. Units 


Turn ON Delay 
Turn OFF Delay 


Rise Time (Note 3) 


Fall Time (Note 3) 





Note: 3. Rise and fal! times are given for MOS logic levels; i.e., rise time is transition from logic ‘‘0’’ to logic 1" which is voltage fall. See switching time 
waveforms. : 
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TYPICAL PERFORMANCE CURVES 


Power Ratings DC Power (Ppc) 
TO-5 & 8-Pin DIP Versus Duty Cycle (DC) 


AmOO56CN SOLDERED TO PC BOARD 
WITH 8 CU CONDUCTORS 
.202 X .03 IN. WIDE 





AmO0056H AND Am0056CH 
IN STILL AIR WITH CLIP 





POWER — mW 


ra) 
Oo 
TRANSIENT POWER — mW 


POWER DISSIPATION — W 


AmO0S6CH 
IN STILL AIR 





0 
100 125 150 10 20 30 40 50 60 70 80 90 100 
AMBIENT TEMPERATURE — °C DUTY CYCLE — % 


TATA 
V2AEP= 


Am0056/Am0056C 


Transient Power (Pac) 
Versus Frequency 











| 
Zée0nn 
1.0 2.0 3.0 
FREQUENCY — MHz 


Input Current Optimum Input Capacitance 
Versus Input Voltage Versus Output Pulse Width 


800 





INPUT CURRENT — mA 
OUTPUT PULSE WIDTH — ns 

















0 
1.0 1.5 2.0 s ao 400 600 800 1000 1200 
INPUT VOLTAGE — V Cipy — INPUT CAPACITANCE — pF 














LIC-612 


SWITCHING TIME WAVEFORMS AC TEST CIRCUIT 


5V 


Vin INPUT VCE (SAT) 


OUTPUT Vou 


2N2369A 
INPUT 


Vin =5V 
PRE = 1MHz 
Pw = 0.5ys 
t= ty < 10ns 
Rg = 1k2 


LIC-613 
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OUTPUT 





LIC-614 


Am0056/Am0056C 
APPLICATION INFORMATION 
POWER DISSIPATION 


The total average power dissipation of the Am0056 is the sum 
of the DC power and AC transient power. This total must be 
less than the given package power rating. 


Poiss = Pac + Poc <Pmax. 


With the device dissipating only 10 mW when the output is at 
a HIGH voltage (MOS logic ‘’0’), the dominant factor in 
average DC power is the duty cycle or fraction of the time 
the output is at a LOW voltage level (MOS logic ‘'1’’). For 
the shift register driving where the duty cycle is less than 25%, 
Poc is usually negligible. For RAM address line driver appli- 
cations Ppc dominates since duty cycle can exceed 50%. 


DC Power per Driver 
DC power is given by, 

Poc = (Vt—V7) x Is (Low) x Duty Cycle 
where Is (Low) is IsuppLy (ON) at (Vt—V7) 


+ — 
IsUPPLY (ON) is 30mMA x aan worst case 
(VISV 
or 15mA x or typically 


AC Transient Power per Driver 
AC transient power is given by, 
Pac = (Vt—V7)2 x CL x f x 1073 in mW 


where f=frequency of operation in MHz and C, =load 
capacitance including all strays and wiring in pF. 


PACKAGE SELECTION 


Power ratings are based on a maximum junction rating of 
175°C. The following guidelines are suggested for package 
selection. Graphs shown in the Performance Curves illustrate 
derating for various operating temperatures. 


TO-99 (“‘H’’) Package: Rated at 600 mW in still air (derate at 
4.0mW/C above 25°C) and rated at 900 mW with clip-on 
heat sink (derate at 6.0mMW/C above 25°C). This popular 
hermetic package is recommended for small systems. Low 
cost (about 10¢) clip-on-heat sink increases driving power 
dissipation capability by 50%. 


8-pin (N’) Molded Mini-DIP: Rated at 600 mW still air 
(derate at 4.0mW/C above 25°C) and rated at 1.0 watt 
soldered to PC board (derate at 6.6 mW/°C). Constructed with 
a special copper lead frame, this package is recommended for 
medium size commercial systems particularly where automatic 
insertion is used. (Please note for prototype work, that this 
package is only rated at 600 mW when mounted in a socket 
and not one watt until it is soldered down.) 


TO-8 (G") Package: Rated at 1.5 watts still air (derate at 
10mW/°C above 25°C) and 2.3 watts with clip on heat sink 
(Wakefield type 215-1.9 or equivalent — derate at 15mW/°C). 
Selected for its power handling capability and moderate cost, 
this hermetic package will drive very large systems at the 
lowest cost per bit. 


MAXIMUM LOAD CONSIDERATIONS 


The maximum capacitive load that the AmQO056 can drive is 
determined by: 


The AC power consumed = nVs2 CLfx 10-3 mW 
nVs2 3 
The DC power consumed = Reg p x 10 mW 
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The package power rating 
for a given package, heatsink, 
and maximum ambient temperature 


Pmax mW 


Combining these expressions: 


nVs2 px 103 
Pmax ——e—eoeoo—oerr 


2 -3 
Red + nVs* C; f x 10 


from which the maximum capacitive load: 


- 2 103. (Pmax Reg — nVs2p x 103) 
L(max) n Vsf Req 
Where n = number of drivers employed in the package 
Vs = total supply voltage (Vt—V7) across 
device 
p = duty cycle = time in output LOW state/ 
time in output LOW + time in output 
HIGH 
Req = (Vt—V-)/I¢¢ ON = 1000 2 worst case 
or 1300 2 TYP 
Ci = load capacitance per driver in pF 
f = input signal frequency in MHz 


When used as a non-overlapping, two-phase driver with each 
side operating at the same frequency and duty cycle and with 
Vs, = 17 V, the above equation reduces to: 


103 


Pmax 
CL(max) = ~¢- | 


578 





~—P) 
Table 1 gives maximum drive capability using above equation. 


PULSE WIDTH CONTROL 


The Am0056 is intended for applications in which the input 
pulse width sets the output pulse width; i.e., the output pulse 
width is logically controlled by the input pulse. The output 
pulse width is given by: 


(PW) out = (PW) iny +t = PWin + 17ns 


Two external input coupling capacitors are required to perform 
the level translation between TTL/DTL and MOS logic levels. 
Selection of the capacitor size is determined by the desired 
output pulse width. Minimum delay and optimum performance 
is attained when the voltage at the input of the Am0056 dis- 
charges to just above the devices threshold (about 1.5 V). If 
the input is allowed to discharge below the threshold, tr 
and t¢ will be degraded. The graph in the Performance Curves 
shows optimum values for Cyy versus desired output pulse 
width. The value for Cyyy may be roughly. predicted by: 


Cin (3 x 1073) (PW) out 


For an output pulse width of 500ns, the optimum value for 
Cin is: 
Cypy = (3 x 1073) (500 x 10-9) = 1500pF 


RISE AND FALL TIME CONSIDERATIONS (Note 3) 


The Am0056’s peak output current is limited to 1.5A. The 
peak current limitation restricts the maximum load capacitance 
which the device is capable of driving and is given by: 


I=C.- <1.5A 


The rise time, t,, for various loads may be predicted by: 
t, =(AV) (250 x 10-12 +C,) 


Where: A V = the change in voltage across Cy 


=yt_y7 
C. = The load capacitance 
for Vt—V7 = 20V, Cy = 1000PF, t, is: 
t, = (20V) (250x 10-12 + 1000 x 10-12) 
= 25ns 


For smal! values of C,_, the equation above predicts optimistic 
values for t,. 


The output fall time may be predicted by: 
Cc 
tp#2.2R(c.+—+ 
hee +1 


CLOCK OVERSHOOT 


The output waveform of the Am0056 can overshoot. The 
overshoot is due to finite inductance of the clock lines. It 
occurs on the negative going edge when Q7 saturates, and on 
the positive edge when Q3 turns OFF as the output goes 
through VraVee: The problem can be eliminated by placing 
a small series resistor in the output of the Am0056. The 
critical value for Rg =2VL/C, where L is the self-inductance of 
the clock line. In practice, determination of a value for L is 





Am0056/Am0056C 


rather difficult. However, Rs is readily determined emperically, 
and values typically range between 10 and 5122. Rg does 
reduce rise and fall times as given by: 


t, = tf = 2.2Rg CL 
CLOCK LINE CROSS TALK 


At the system level, voltage spikes from ¢;, may be transmitted 
to $2 (and vice-versa) during the transition of 6, to MOS logic 
“1 The spike is due to mutual capacitance between clock 
lines and is, in general, aggravated by long clock lines when 
numerous registers are being driven. Transistors Q3 and Qyg 
on the ¢5 side of the Am0056 are essentially “OFF” when 
$2 is in the MOS logic ‘’0” state since only micro-amperes are 
drawn from the device. When the spike is coupled to ¢9, the 
output will drop until Q4 becomes active. A simple method for 
eliminating or minimizing this effect is to add bleed resistors 
between the Am0056 outputs and ground causing a current of 
a few milliamps to flow in Q4. When a spike is coupled to the 
clock line Q4 is already “ON” with a finite hfe. The spike is. 
quickly clamped by Qy. Values for R depend on layout and 
the number of registers being driven and vary typically between 
2k and 10kQ. 


POWER SUPPLY DECOUPLING 


Adequate power supply decoupling is necessary for satisfactory 
operation. Decoupling of Vt and V~ supply lines with at least 
0.1 uF noninductive capacitors as close as possible to each 
Am0056 is strongly recommended. This decoupling is neces- 
sary because of the 1.5 ampere currents which flow during 
logic transition when charging clock lines. 


TABLE I — WORST CASE MAXIMUM DRIVE CAPABILITY FOR Am0056* 


TO-8 with TO-8 
Package Type Heat Sink aS Air 


Operating 
Frequency 


= Fast eon He 
j Duty 
Cycle 





100kHz 
500kHz a 





a 
Ptomnz [ae 


Mini-DIP TO-5 and Mini-DIP 14-Pin DIP 
re a Down =e Air —— Down 


Ambient 
Temp. 
a 


Sate er a ate ea ea 


ee 
ie Ee 


*Note: Values in pF and assume both sides in use as non-overlapping 2 phase driver; each side operating at same frequency and duty cycle with 


(vt —Vv-) =17V. 


TYPICAL APPLICATIONS 


AC Coupled MOS Clock Driver 


+5V 


TWO PHASE 
Am0056 CLOCK TO 
SHIFT REGISTERS 


LIC-615 


DC Coupled RAM Memory Address 
or Precharge Driver (Positive Supply Only) 


+17V 
QO 


TO ADDRESS LINES 
Am0056 ON Am1103 
MEMORY DEVICES 


LIC-616 





Am0056/Am0056C 


TYPICAL APPLICATIONS (Cont.) 


Logically Controlled AC Coupled Clock Driver 


Am1402 
2NPUT 1024-BIT 
AND GATE SHIFT ° 
TTL CLOCK 
INPUT REGISTER 
2 fo 


CLOCK INPUT — 2 fo 
parle ONE SHOT OUTPUT — ADJ PULSE WIDTH 
PHASE ONE OUTPUT 


PHASE TWO OUTPUT 


DC Coupled MOS Clock Driver 


Metallization and Pad Layout 


pa rt 
INPUT A 








DIE SIZE 0.056” X 0.074” 
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TO 
ADDITIONAL 
SHIFT 
REGISTERS 


LIC-617 


LIC-618 





Am8224 


Clock Generator and Driver for 8080A Compatible Microprocessors 





Distinctive Characteristics 


e@ Single chip clock generator/driver for 8080A com- @ Available for operation over both commercial and 
patible CPU military temperature ranges 

@ Power-up reset for CPU © Crystal controlled for stable system operation 

@ Ready synchronizing flip-flop @ Reduces system package count 


@ Status strobe signal ; 

© Oscillator output for external system timing @ Advanced Schottky processing 

® Am8224-4 version available for use with 1usec in- @ 100% reliability assurance testing in compliance with 
struction cycle of Am9080A-4 MIL-STD-883 


FUNCTIONAL DESCRIPTION PIN DEFINITION 


The Am8224 is a single chip Clock Generator/Driver for the 
Am9080A and 8080A CPU. It contains a crystal-controlled 
oscillator, a ‘divide by nine’ counter, two high-level drivers 


nd several auxiliary logic funetions, includ : 

a eve auxiliary logic functions, including a power-up CONNECTIONS FOR CRYSTAL 
reset, status strobe and synchronization of ready. Also pro- XTAL 2 

vided are TTL compatible oscillator and $2 outputs for TANK USED WITH OVERTONE XTAL 
external system timing. The Am8224 provides the, designer 

with a significant reduction of packages used to generate OSCILLATOR OUTPUT 
clocks and timing for the Am9080A or 8080A for both com- o2(TTL) $2 CLK (TTL LEVEL) 


mercial and military temperature range applications. A high 
speed version, the Am8224-4, is available for use with the high 


eis ac 
STATUS STB (ACTIVE LOW) 


Am9080A/8080A CLOCKS 
2 








SCHMITT 
INPUT 


CONNECTION DIAGRAM 
Top View 





LIC-619 


ORDERING INFORMATION 15 [J xtavt 
. 14 [_] XTAL 2 
READY[ [4 
Package Temperature Order , msz2s 
Type Range Number 


Hermetic DIP —55°C to +125°C AM8224DM 

Hermetic DIP 0°C to +70°C D8224 

Molded DIP 0°C to +70°C AM8224PC 
Dice 0°C to +70°C AM8224XC 

Hermetic DIP 0°C to +70°C AM8224-4DC* 


* For use with Am9080A-4 with clock period between 250ns and 320ns. Note: Pin 1 is marked for orientation. LIC-620 


2 (TTL) [-] 6 
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Am8224 
MAXIMUM RATINGS (Above which the useful life may be impaired) 























Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential 
Vec 7.5V 
Vop 15V 
Maximum Output Current ¢; and ¢2 (Note 1) 100mA 





ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
The Following Conditions Apply Unless Otherwise Noted: 


Am8224XC, Am82244XC (COM'L) Tp =0°C to +70°C Vec = 5.0V + 5% Vpp = 12V + 5% 
Am8224XC (MIL) Ta = —55°C to +125°C Vcc = 5.0V + 10% Vpp = 12V + 10% Typ. 
Parameters Description Test Conditions (Note 2) Max. Units 






Input Current Loading Ve =045V 
Input Leakage Current VR =5.25V 


Ve Input Forward Clamp Voltage Io = —5.0mA ee ee 
Input LOW Voltage Vcc = 5.0V | 
a 





COM’L 
Reset input 
Input HIGH Voltage 


All other inputs 
ViIH-VIL | RESIN Input Hysteresis Vec = 5.0V 0.25 


M 
2 
2 
2 
(61, 62), Ready, Reset, STSTB 
lo_ = 2.5mA 
Output LOW Voltage a 
3 








All other inputs 










lot = 15mA 


$1, 2: lIOH = —100nA | come | 94 | 
ime —[op-150\v0=1av] 


Von | Output HIGH Voltage F menov,nesersign=—romn [OOM | se [sof Volts 
— ae 


n 
6 
8 
ce) 
6 





Lao 
All other outputs; IQH = —1.0mA 


Output Short Circuit Current Vo =0vV 
(All Low Voltage Outputs Only) Vec = 5.0V 





Power Supply Current Vcc = MAX. (Note 3) 
Power Supply Current Vop = MAX. 


Notes: 1, Caution: 61 and $9 oytputs do not have short circuit protection. 
2. Typical limits are at Voc = 5.0V, Vop = 12V, 25°C ambient and maximum loading. 
3. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 






!pb 


CRYSTAL REQUIREMENTS TEST CIRCUIT 


Tolerance: .005% at 0°C - 70°C 
Resonance: Series (Fundamental) * 
Load Capacitance: 20-35pF 


Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4mW 


*With frequency in excess of 18MHz 
use 3rd overtone XTALs and tank 
circuit. 


LIC-621 
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Am8224 
AC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Am8224-4XC 
Am8224XM Am8224XC (Note 2) 
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 










1 Pulse Width 
2 Pulse Width 


t Del 
ansone 


$2 to ¢1 Delay to SOpF 
1 to $9 Delay 


$1 and $2 Rise Time 
~ @4 and ¢9 Fall Time 








$2 to o2(TTL) Delay 


tog2 








¢2 to STSTB Delay 















t t 
STSTB Pulse Width STS he) wee Bs aes —15ns 
CL = 15pF, 9 
RDYIN Set-up Time Ry = 2.0k2 
to Status Strobe Ra = 4.0k2 





A RDYIN Hold Time 
DRH After STSTB 


Ready and Reset 
RDYIN or RESIN CL = 10pF 4tcy 4tcy 
‘DR to $2 Delay Ry = 2.0k2 igor = 7 28es 
R2 = 4.0k2 
tcy tcy 
M 
ae lai Be delet un a 

Frequency 


Vec = 5.0V 

‘ Vpp = 12V 
Input Canacitance VpIAs = 2.5V 

f = 1,0MHz 









ol 
o 
x 













a) 
3 












AC CHARACTERISTICS (For tcy = 488.28ns) 


Ta =O°Cto+70°C = Ve = +5.0V 45% ~Vpp = +12V 46% 


Parameters abated le Test Conditions Min. Typ. Max. Units 


Cn [arama | 
ee 
ee 
a 
[03 [Say 6 0 Latin Es 
P| Onna Reine 
ea 
oss] 












$1 and @9 Loaded 
Cy = 20 to 50pF 






ea see oa 
[tons | RDVIN setup Tine STSTS 
[FRG | OrcitstorFreweney dt SSCSCSCSCSSCSSSCSCSC*Y 


Notes: 1. All measurements referenced to 1.5V unless specified otherwise. . 
2. Am8224-4 parameter limits are given for tey = 250ns or an oscillating frequency of 36MHz. Between 28.12MHz and 36MHz min. and max. limits 
should be ratioed between the calculated Am8224XC limits at 28.12MHz and the given 36MHz parameter limits. 
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Ready and Reset Loaded 




















Am8224 


SWITCHING WAVEFORMS 


—| tr 


7 
tot 
tp3 


- 


'og2 


oo —— 


— 


tog2 


$2(TTL) f \ 


SYNC 
(FROM 8080A) 
J $n pn 


Voltage measurement points: $4, dp Logic 0" = 1.0V, Logic "1" = 8.0V. 


All other signals measured at 1.5V. 


Oscillator 


The oscillator circuit derives its basic operating frequency 
from an external, series resonant, fundamental mode crystal. 
Two inputs are provided for the crystal connections (XTAL1, 
XTAL2). 


The selection of the external crystal frequency depends mainly 
on the speed at which the CPU is to be run. Basically, the 
oscillator operates at 9 times the desired processor speed. 


The formula to determine the crystal frequency is: 


f(XTAL) = times 9 





tcy 


When using crystals above 10MHz a small amount of frequency 
“trimming’’ is necessary to produce the desired frequency. The 
addition of a selected capacitance (20pF — 30pF) in series 
with the crystal will accomplish this function. 


Another input to the oscillator is TANK. This input allows 
the use overtone mode crystals. This type of crystal generally 
has a much lower output at its rated frequency and has a ten- 
dency to oscillate at its fundamental. 
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To avoid the unwanted oscillation and increase the desired 
frequency output it is necessary to provide a parallel tuned 
resonant circuit of low impedance. The external LC network is 
connected to the TANK input and is AC coupled. See typical 
application with Am8228 and Am9080A in Figure 2. 


The formula for the LC network is: 


The output of the oscillator is buffered and brought out 
on OSC (pin 12) so that other system timing signals can be 
derived from this stable, crystal-controlled source. 


Clock Generator 


The Clock Generator consists of a synchronous “‘divide by 
nine” counter and the associated decode gating to create the 
waveforms of the two clocks and auxiliary timing signals. 


The waveforms generated by the decode gating follow a 
simple 2-5-2 digital pattern. See Figure 2. The clocks gen- 
erated; 1 and $9, can best be thought of as consisting of 
“units’’ based .on the oscillator frequency. Assume that one 
“unit’’ equals the period of the oscillator frequency. By mul- 
tiplying the number of “units” that are contained in a pulse 
width or delay, times the period of the oscillator frequency, 
the approximate time in nanoseconds can be derived. 


The outputs of the clock generator are connected to two 
high level drivers for direct interface to the CPU. A TTL level 
phase 2 is also brought out ¢9 (TTL) for external timing 
purposes. It is especially useful in DMA dependent activities. 
This signal is used to gate the requesting device onto the bus 
once the CPU issues the Hold Acknowledgement (HLDA). 


Several other signals are also generated internally so that 
optimum timing of the auxiliary flip-flops and status strobe 
(STSTB) is achieved. 


EXAMPLE: toy = 500ns 
OSC = 18mH2z/55ns 
$4 = 110ns (2 x 55ns) 


$2 = 275ns (5 x 55ns) 
9-04 = 110ns (2 x 55ns) 


LIC-623 





Figure 1, Clock Generator Waveforms. 


STSTB (Status Strobe) 


At the beginning of each machine cycle the CPU issues status 
information on its data bus. This information tells what type 
of action will take place during that machine cycle. By bringing 
in the SYNC signal from the CPU, and gating it with an inter- 
nal timing signal (¢;,), an active low strobe can be derived 
that occurs at the start of each machine cycle at the earliest 
possible moment that status data is stable-on the bus. The 
STSTB signal connects directly to the Am8228 System Con- 
troller. 





The power-on Reset also generates STSTB, but of course, 
for a longer period of time. This feature allows the Am8228 
to be automatically reset without additional pins devoted for 
this function. 


Power-On Reset and Ready Flip-Flops 


A common function in microcomputer systems is the genera- 
tion of an automatic system reset and start-up upon initial 
power-on. The Am8224 has a built-in feature to accomplish 
this feature. 


An external RC network is connected to the RESIN input. 
The slow transition of the power supply rise is sensed by an 
internal Schmitt Trigger. This circuit converts the slow trans- 
ition into a clean, fast edge when its input level reaches a 
predetermined value. The output of the Schmitt Trigger is 
connected to a “D" type flip-flop that is clocked with ¢2p 
(an internal timing signal). The flip-flop is synchronously 
reset and an active high level that complies with the micro- 
processor input spec is generated. For manual switch type 
system Reset circuits, an active low switch closing can be 
. connected to the RESIN input in addition to the power-on 
RC network. 


The READY input to the CPU has certain timing specifications 
such as ‘‘set-up and hold” thus, an external synchronizing flip- 
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flop is required. The Am8224 has this feature built-in. The 
RDYIN input presents the asynchronous ‘wait request’’ to 
the “‘D” type flip-flop. By clocking the flip-flop with dap, a 
synchronized READY signal at the correct input level, can be 
connected directly to the CPU. 


USED ONLY FOR 
OVERTONE CRYSTALS 


pp 


ual ~~] 20pf — 30pf 


(ONLY NEEDED 
ABOVE 10MHz) 


$9{TTL) 


AmB224 Am3080A 


CPU 


RESET 


SYNC 


STSTB (TO Am8228 PIN-1) 


LIC-624 





Figure 2. Typical Application with Am8224 
and Am9080A. 


APPLICATION PRECAUTIONS WHEN USING Am8224 UP 
TO 36MHz 


Usage with Third Harmonic Crystal or Am9080A-4 


The use of the Am8224 with a third harmonic crystal requires 
a minor modification to the external circuitry associated with 
the Am8224. The changes are as follows: 


— Series capacitor in conjunction with the xtal 
— Adding a tuned circuit in the “tank” lead 
— Tuning of circuit to proper frequency 


It is necessary to maintain the crystal activity to a proper level 
if an xtal controlled circuit is to operate properly. A 20-30pfd 
capacitor placed in series will help achieve this level in third 
overtone crystal, while helping to suppress the fundamental 
mode. The Am8224 has an auxiliary port provided to allow 
for a tuned circuit. This tuned circuit eliminates the tendency 
of the circuit to oscillate at the crystal’s fundamental. The 
tank or tuned circuit must have the following properties: 


1. It must be parallel resonant at the crystal frequency (third 
order). 

2. The off resonance impedance must be low enough to spoil 
the AC gain of the Am8224. 

3. The circuit must be DC decoupled (or returned to Vcc) at 
a low impedance (substantially below 100Q). 


All frequency determining components must be in close prox- 
imity to the Am8224. Insert crystal and tune tank for best 
waveform at Pin 12 (OSC). If counter is available, adjust for 
match of crystal marking. The circuit in Figure 3 will accom- 
plish the above result for the 36MHz range. 





Am8224 


147 | xTaAL2 


Am8224 


og(TTL)F | 6 
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Figure 3. 


C1 = E.F. Johnson 
275-0430-005 
5-30pF Trimmer or Equiv. 


Ly = J.W. Miller Inductor 
9230-08 


RDYIN 
READY 
Am8224 
SYNC 
2 (TTL) 
STSTB 


GND 
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RDYIN 
READY 
Am8224 
SYNC 
2 (TTL) 
STSTB 


GND 
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C3 > 1000pF 


TANK ————_—{|_ —-0 


10,000 pF 


OVERTONE 


Vcc Ground 


Due to the nature of our device (fast switching, higher voltage) 
it is necessary to provide a bypass capacitor from Vcc to 
ground in the immediate proximity of the Am8224. This 
insures proper operation of the device while reducing noise 
spiking on adjacent circuits. 


Resin Bypass 


The use of a high impedance capacitor for timing R-C, and/or 
timing components remotely located from the Am8224 device 
may cause a disturbance to occur during the linear transition 
region. The capacitor for this function should be of the ceramic 
type and a value of 1000pF or greater. 


This can be cured by placing a >1000pfd ceramic capacitor 
from Resin (Pin 2) to Ground (Pin 8) in the immediate prox- 
imity of the device. This will allow the timing R-C to be placed 
at will. 


APPLICATIONS 


EXTERNAL 
INPUT 


The Am8224 can be driven from an external source of fre- 
quency by connecting as shown and driven with approximately 
500mvV over a wide frequency range. 


The Am8224 can oscillate without a xtal by placing a small 
value capacitor (10 200pF) in place of a crystal. 
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Metallization and Pad Layout 


SYNC 





og (TTL) 


DIE SIZE 0.085” X 0.084” 





Am&228 - Am8238 


System Controller and Bus Driver for 8080A Compatible Microprocessors 





Distinctive Characteristics 


@ Multi-byte instruction interrupt acknowledge 

®@ Selectable single level vectored interrupt (RST-7) e 

@ 28-pin molded or hermetic DIP package e 

@ Single chip system controller and data bus driver for 
Am9080/8080A systems 8 

@ Am8238-4 high speed version available for use with 
1usec instruction cycle of Am9080A-4 e 


FUNCTIONAL DESCRIPTION 


The Am8228 and Am8238 are single chip System Controller 
Data Bus drivers for the Am9080A Microcomputer System. 
They generate all control signals required to directly interface 
Am9080A/8080A compatible system circuits (memory and 
1/0) to the CPU. 


Bi-directional bus drivers with three-state outputs are provided 
for the system data bus, facilitating CPU independent bus 
operations such as direct memory access. Interrupt processing 
is accommodated by means of a single vectored interrupt or 
by means of the standard 8080A multiple byte interrupt vector 
operation. 


LOGIC DIAGRAM 


DBy 
DB, 
DB, 
BIDIRECTIONAL DB, | SYSTEM 


BUS DRIVER Bey (cue. 


DBs 
OB, 
DB7 


ij DRIVER CONTROL 


STATUS 
LATCH 


| ___] GaTiNG 

ARRAY 
STSTB 
DBIN 
WR 
HLDA 
LIC-628 


ORDERING INFORMATION 


Am8228 Am8238 
Package Temperature Order Order 
Type Range Number Number 


Molded DIP O°C to +70°C = AM8228PC AM8238PC 
Hermetic DIP 0°C to +70°C D8228 D8238 
Hermetic DIP —55°C to +125°C AM8228DM AM8238DM 
Dice 0°C to +70°C AM8228XC AM8238XC 
Hermetic DIP 0°C to +70°C AM8238-4DC* 
Molded DIP 0°C to +70°C AM8238-4PC* 


*For use with Am9080A4 with minimum 
clock period of 250ns. 
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Bi-directional three-state bus driver for CPU indepen- 
dent operation 

Advanced low-power Schottky processing 

100% reliability assurance testing in compliance with 
MIL-STD-883 

Available in military and commercial temperature 
range — 

Am8238 has extended IOW/MEMW pulse width 


LOGIC SYMBOL 


5 HDLA DBIN WR 


BI- 
DIRECTIONAL 
BUS DRIVER 


Vcc = Pin 28 
GND & Pin 14 LIC-629 


CONNECTION DIAGRAM 
Top View 


Am8228 
Am8238 


Note: Pin 1 is marked for orientation. LIC-630 





Am8228 « Am8238 
MAXIMUM RATINGS (Above which the useful life may be impaired) 























Storage Temperature , —65°C to +150°C 
Temperature (Ambient) Under Bias oo —55°C to +125°C 
Supply Volatge to Ground Potential (Pin 28 to Pin 14} Continuous —0.5V to+7.0V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to+Vcc max. 
DC Input Voltage —1.5V to +7.0V 
DC Output Current, Into Outputs 50mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS The Following Conditions Apply Unless Otherwise Noted: 


Am8228XM, Am8238XM Ta = —55°C to +125°C VecMIN. = 4.50V VecMAX. = 5.50V 

Am8228XC, Am8238XC, Am8238-4XC Ta =0°C to +70°C VecMIN. = 4.75V VecMAX. = 5.25V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ. 

Parameters Description Test Conditions (Note 2) Min. (Note1) Max. Units 





















































































Output HIGH Voltage 
Output Low Voltage Vcc =MIN. 
i : cc All other outputs 
Ve Input Clamp Voltage (A!I Inputs) Voc =MIN., Ic = —5.0mA 
VTH Input Threshold Voltage (All Inputs) Vec = 5.0V 
STSTB 
IF Input Load Current Vcc = MAX., Ve = 0.45V Do and Dg —750 LA 
L All-other inputs | 
DBo—DB7 
| Input Leakage Current Vec = MAX., Vp = 5.25V A 
R 7 cc R All other inputs e 
lINT INTA Current See INTA test circuit 
Voc = MAX., Vo = 5.25V 
I Offstate Output Current (All Control Outputs) 
OLE 7 i Vo = 0.45V 
Short Circuit Current (All Outputs) 
Icc Power Supply Current 














AC CHARACTERISTICS 
OVER OPERATING TEMPERATURE RANGE Am8238XM Am8238XC Am8238-4XC 
Test Typ. Typ. Typ. 
Parameters Description Conditions Min. (Note 1) Max. Min. (Note 1) Max. Min.. (Note 1) Max. Units 


Am8228XM/ Am8228XC/ 


















tpw Width of Status Strobe 
tss | Set-up Time, Status Inputs Dg-D7 
Hold Time, Status Inputs Dg-D7 


cS Delay from STSTB to MEMR 


Delay from STSTB to INTA, !|OR 
Delay from STSTB to all other CL = 100pF 









































Control Signals 








tRR Delay from DBIN to Control Outputs 


; Delay from DBIN to Enable 
RE 8080A Bus Disable CL = 25pF 
tR | 

















Delay from System Bus to 8080A 
Bus During Read 





twR Delay from WR to Control Outputs 


Delay to Enable System Bus DBg-DB7 
After STSTB 


Delay from 8080A Bus Dg-D7 to. : 

3 System Bus DBg-DB7 During Write | CL = 100pF 

Delay from System Bus Enable 

to System Bus DBg-DB7 _| 

HLDA to Read Status Outputs 

af seat Time, System Bus Inputs to HLDA 
Hold Time, System Bus Inputs to HLDA 




























































Notes:1. Typical values are for TaA= 25°C and nominal! supply voltages. 
2. For conditions shown as MIN. or MAX., use the appropriate value specified under electrical characteristics for the applicable device type. 
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CAPACITANCE (This parameter is periodically sampled and not 100% tested.) Typ 


Parameters Description Test Conditions Min. (Note 1) Max. Units 


Cin Input Capacitance Vv 
=2.5V, Vcc =5.0V 
Cout Output Capacitance Control Signals ae 25°C f= ee 





1/O Capacitance (D or DB) 


SWITCHING WAVEFORMS 


¢ 
1 Ty T) T3 T .T2 


STATUS STROBE \ + \ / 


Am8080 
DATA BUS 








INTA, IOR, MEM R 
DURING HLDA 
SYSTEM BUS 
DURING READ 
Am8080 BUS 
DURING READ er cs Sa See | ise) me a OS 
| pe 








Am8080 BUS 
DURING WRITE 
SYSTEM BUS ___ ae 
DURING WRITE 
SYSTEM BUS 
ENABLE 


SYSTEM BUS 
OUTPUTS 





Voltage measurements points: Dg —D7 (when outputs) Logic "0" = 0.8V, Logic ’’1"’ = 3.0V. All other signals measured at 1.5 V. 


*Extended !OW/MEMW for Am8238 only. 
LIC-631 
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TEST CIRCUITS 


OUTPUT 
PIN 


cL 


I 


Note 1. For Dg—D7: Ry = 4.0kQ, Ro = of, CL = 25pF. 


Ro 


LIC-632 


For all other outputs: By = 5000, Ro = 1.0k2, Cy = 100pF. 


OUTPUT PIN 
UNDER TEST 


LIiC-634 


Test Circuit for DBIN to 8080A BUS 


FUNCTIONAL DESCRIPTION 


Bi-Directional Bus Driver: An eight-bit, bi-directional bus 
driver is provided to buffer the Am9080A/8080A data bus 
from Memory and I/O devices. The Am9080A data bus has 
an input requirement of *3.0 volts (min) and can drive (sink) 
a current of at least 3.2mA. The Am8228 ® Am8238 data bus 
driver matches these input requirements and provides enhanced 
noise immunity. The output drive is set for 10mA typical for 
Memory and 1/O devices. 


The Bi-Directional Bus Drive is controlled by signals from the 
Gating Array for proper bus flow and the outputs can be 
forced to high impedance state (three-state) for DMA activities. 


Status Latch: The Am8228 ® Am8238 stores the status infor- 
mation in the Status Latch when the STSTB input goes 
“LOW”. The output of the Status Latch is connected to the 
Gating Array and is part of the Contro! Signal generation. 





Gating Array: The Gating Array generates control signals 
(MEM R, MEM W, I/O R, 1/O W and INTA) by gating the 
outputs of the Status Latch Am9080A signals: i.e., DBIN, WE, 
and HLDA. 











*The 8080A has an input requirement of 3.3V and gan drive a maxi- 
mum current of 1.9mA. 


Enable 8080 bus, HIGH-Z to logic “0” 
Enable 8080 bus, HIGH-Z to logic “1” 
Disable 8080 bus, logic ‘‘0’’ to HIGH-Z 
Disable 8080 bus, logic “1” to HIGH-Z 


5-23 


AM8228 
AM8238 
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INTA (for RST 7) 


Closed 
Open 
Closed 
Open 


Open 
Closed 
Open 
Closed 





The “read” contro! signals (MEM R, I/O R and INTA) are 
derived by combinational logic from Status Bit and the DBIN 
input. 


The “write” contro! signals (MEM W, I/O W) are similarly 
derived from the Status Bits and the WR input. 


All Control Signals are “active LOW" and directly interface 
RAM, ROM and I/O components. 


The INTA control signal is normally used to gate the “‘inter- 
rupt instruction port” onto the bus. It also provides a special 
feature in the Am8228 @ Am8238. If only one basic vector is 
needed in the interrupt structure, the Am8228 @ Am8238 can 
automatically insert a RST 7 instruction onto the bus. To use 
this option, connect the INTA output of the Am8228 e 
Am8238 (pin 23) to the +12 volt supply through a series 
resistor (1k ohms). The voltage is sensed internally by the 
Am8228 @ Am8238 and logic is ‘‘set-up’’ so that when the 
DBIN input is active, a RST 7 instruction is gated on to the 
bus when an interrupt is acknowledged. 


When using a multiple byte instruction as an Interrupt Instruc- 
tion, the Am8228 @ Am8238 will generate an INTA pulse for 
each of the instruction bytes. 


The BUSEN (Bus Enable) input of the Gating Array is an 
asynchronous input that forces the data bus output buffers 
and control signal buffers into their high-impedance state if 
it is a “HIGH”. If BUSEN is a ““LOW’’, normal operation of 
the data buffer and control signals take place. This facilitates 
CPU independent bus operations such as direct memory access. 





Am8228 ¢ Am8238 


DEFINITION OF FUNCTIONAL TERMS LOADING RULES 


D7-Dog Data bus to-from Am9080A/8080A Output Output 
DB7-DBg Data bus to-from user system i PinNo. wputLoad Sink — Source 
1/OR Input/output read strobe output active LOW 18 250uA 2mA __—10HA 
(/OWw input/output write strobe output active LOW v 250A 2mA —10uA 
MEMR Memory read strobe, output, active LOW ie 750HA ama: 10uA 
MEM W Memory write strobe, output, active LOW ue ae sl — 
DBIN Data bus input strobe, input active HIGH Ty Sa aan acne 
INTA ee acknowledge strobe, input, active 4 750uA Fad Ou 


; ; 8 250uA 2mA  —10nA 
HLDA ea input from Am9080A/8080A active 13 250uA Tomn ak 


ae tal ; 16 250A 10mA = —1mA 
WR Write input strobe, active HIGH 250uA 10mA —ImA 


BUS ENABLE INPUT, input, 3-state output "‘DB3..  ~=~—C—C<CStstst<‘(itsi‘;‘z SOWA COMA 1m A 
control, active LOW for 3-state out 250uA 10mA —ImA 
Status Strobe, input, strobes status on data 250nA toma. Sta 
bus into status latch, active LOW 250uA 10mA —1mA 


250uA —1mA 
500uA 
250uA 
aa Vee 250uA 
27 250uA 


26 
25 —_ 

















Metallization and Pad Layout 














24 
23 


22 
21 








20 
19 


18 
7 





16 





15 
14 


DIE SIZE 0.110" X 0.136” 


STATUS WORD CHART: 


TYPE OF MACHINE CYCLE 


Interrupt 
Data Bus Status Acknowledge 
Bit Information While Halt 


@ 


STATUS 
WORD 


n 
4 
> 
a 
yas 


Oo 
i a 
els 


EE 
2\ > 
Lu 


2 
o 
> 


5 
= 


= 
oO 
2] 


CONTROL 
SIGNALS 


s|= 
mm 
s|= 
Dis 





=| s|= 
m| mim 
S| s|/= 
al vis 
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VVVV Vv 


Vivviv 





ALPHA NUMERIC INDEX 
FUNCTIONAL INDEX 

SELECTION GUIDES 

INDUSTRY CROSS REFERENCE 
DICE POLICY 

ORDERING INFORMATION 
MIL-M-38510/MIL-STD-883 — 


COMPARATORS 


DATA CONVERSION PRODUCTS 


LINE DRIVERS/RECEIVERS 


MOS MEMORY AND MICROPROCESSOR INTERFACE 
OPERATIONAL AMPLIFIERS 

SPECIAL FUNCTIONS 

VOLTAGE 8 


PACKAGE OUTLINES | 
GLOSSARY > 


DIS RIBULOR LOCATIONS - 


CONOMRWDN ow 


AMD FIELD SALES OFFICES, SALES DEPBESENTALIVES: 








Operational Amplifiers — Section VI 


Am101/201/301 
Am101A/201A/301A 
Am102/202/302 
Am107/207/307 
Am108/208/308 
Am108A/208A/308A 
Am110/210/310 
Am112/212/312 
Am118/218/318 
Am124/224/324 
Am124A/224A/324A 
Am148/248/348 
Am149/249/349 
LF155/255/355 
LF155A/255A/355A 
LF156/256/356 
LF156A/256A/356A 
LF157/257/357 
LF157A/257A/357A 
Am216/316 
Am216A/316A 
Am715/715C 
Am725/725C 
SSS725/725B/725E 
Am741/741A/741C/741E 
SSS741/741C 
Am747/747A/747C/747E 
SSS747/747C 
Am748/748C 
Am1501 
Am1558/1458 
LH2101A/LH2201A/ 
LH2301A 


Operational Amplifier. jose es aces eae seats each bee eo8s 6-1 
Operational Amplifier... ....... 0... cece ccc cece ee eee eee eee ennees 6-5 
Voltage FOlOWGE? 6 asticica nh euts a Setrees Chews pele antack fee eweeenn 6-10 
Frequency Compensated Operational Amplifier ..................... 6-14 
Operational Amplifier <i ds0cedaie sack acess bia SiGe ees eeaet eee 45 6-18 
Operational Amplifier........... 0... ccc ccc cece cece eee nee e eens 6-18 
Vollage: Follower ~i4.22. 424.404 sec ethan le eee sen Few teas 6-22 
Compensated, High-Performance Operational Amplifier .............. 6-26 
High-Speed Operational Amplifier ......... 0... .. cece eee eee eee 6-30 
Quad Operational Amplifier 0.0.0.0... 0... cc ccc cece tent e eee e eens 6-36 
Quad Operational Amplifier ........... 0... cc ccc cece teen e eee enee 6-36 
Quad 741 Operational Amplifier .......... 0... 0. ccc cece eee ene eee 6-41 
Quad 741 Operational Amplifier ............ 0... cece eee cece eee nee 6-41 
Monolithic JFET Input Operational Amplifier .....................08. 6-43 
Monolithic JFET Input Operational Amplifier ...................0000. 6-43 
Monolithic JFET Input Operational Amplifier ....................008. 6-43 
Monolithic JFET Input Operational Amplifier ..................00008- 6-43 
Monolithic JFET Input Operational Amplifier ...................0005- 6-43 
Monolithic JFET Input Operational Amplifier ................ 000008 6-43 
Compensated, High-Performance Operational Amplifier .............. 6-51 
Compensated, High-Performance Operational Amplifier .............. 6-51 
High-Speed Operational Amplifier .......... 0... cece eee eee eee 6-55 
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Am101/201/301 


Operational Amplifiers 





Description: The Am101/201/301 monolithic operational Distinctive Characteristics: 100% reliability assurance 
amplifiers are functionally, electrically and pin-for-pin testing including high-temperature bake, temperature 
equivalent to the National LM101, and LM201. They are cycling, centrifuge and fine leak hermeticity testing in 
available in the hermetic TO-99 metal can, dual-in- compliance with MIL STD 883 Class B. 

line packages, and flat packages. Electrically tested and optically inspected dice for the 


assemblers of hybrid products. 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 


The Am101/201/301 are differential input, class AB output op- 

erational amplifiers. The inputs and outputs are protected 

against overload and the amplifiers may be frequency com- INVERTING 
pensated with an external 30pF capacitor. INPUT 


v- vt 


NON-INVERTING 
INPUT 


LIC-635 


APPLICATIONS 


QOUTPUT = INPUT/OUTPUT OVERLOAD PROTECTION 


!f an input is driven from a low-impedance source, a series resistor, R, should be used to limit the peak instantaneous output 
current of the source to less than 100 mA. A large capacitor (>0.1uF) is equivalent to a low source impedance and should 
be protected against by an isolation resistor. 
The amplifier output is protected against damage from shorts to ground or to the power supplies by device design. Pro- 
TEST tection of the output from voltages exceeding the specified operating power suppilies can be obtained by isolating the output 
FREQ. POINT via limiting resistors R, or R,. 
COMP. The power supplies must never become reversed, even under transient conditions. Reverse voltages as low as 1 volt can 
cause damage through excessive current. This hazard can be reduced by using clamp diodes of high peak current rating 
connected to the device supply lines. 


LIC-636 


ORDERING INFORMATION CONNECTION DIAGRAMS 
Top Views 
Dual-In-Line Metal Can 
Part Package Temperature Order FAEQ._COMP 
Number Type Range Number 


a o'c Ae +70°C LM301D : INVERTING 
Am301 MetalCan °C to +70°C LM301H °q INPUT 
Dice O°C to +70°C LD301 NON INVERTING 


INPUT 
—25°C to +80°C LM201D 


Am201 Pe ; : 
Metal Can —25°C to +80°C LM201H i Sanicul Gok 


NOTES: 
DIP —55°C to +125°C LM101D pin 4 is connected to Case. 
° ° (2) On DIP, pin 6 is connected 
Metal Can —55°C to +125°C LM101H Se BSI at Heese: 
Dice —65 Cto+125 C LD101 ON NeUES (3) On Flat Package, pin 5 is 


ie a eee connected to bottom of package. 
LIC-637 
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Am101/201/301 


MAXIMUM RATINGS 
Supply Voltage +22V 





Internal Power Dissipation (Note 1) 500 mW 
Differential Input Voltage +30V 
Input Voltage (Note 2) +15V 
Output Short-Circuit Duration Indefinite 
Operating Temperature Range 

Am101 —55°C to +125°C 

Am201 —25°C to +85°C 

Am301 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 





ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (Note 3) 


Am 101 
Parameter _ Am301 Am 201 
(see definitions) Conditions Min Typ Max Min Typ Max Units 


Input Offset Voltage Ry < 10 kQ 2.0 7.5 1.0 5.0 mV 
input Offset Current Poet ee 40 200 nA 


Input Bias Current 250 1500 120 500 nA 
Input Resistance 0.1 0.4 0.3 0.8 MQ 
Supply Current V, = +20V 18 3.0 1.8 3.0 


V5 = £15V,Voyp = £10, 


R, > 2ka 20 150 50 160 V/mvV 


Large Signal Voltage Gain 


The Following Specifications Apply Over The Operating Temperature Ranges 




















































Input Offset Voltage Ro < 10 k2 10 6.0 
Ta= Ta (min 150 750 100 500 nA 
[ee Offset Current Tr= Th ie 50 400 10 500 nA 
Input Bias Current Ta = TA tin 0.32 2 0.28 1.5 pA 
: : Vo = £16 V, Voy = £10 V, V 
Large Signal Voltage Gain R, > 2ka 15 25 V/m 
Input Voltage Range Vo=+15V #12 +12 Vv 
| Common Mode Rejection Ratio | Ry < 10 ka | 6 90 °° °&2| 7 290 dB 
Supply Voltage Rejection Ratio Rg < 10 kQ 70 90 70 90 dB 
V, = +15 V, R, = 10k, +12 +14 +12 +14 Vv 
CuIputVeliage Swing R, = 2k2 +10 +13 +10 +13 Vv 
[ Supply Current T, = +125°C V, = +20 V 1.2 2.5 mA 








Notes: 1. Derate Metal Can package at 6.8 mw/c for operation at ambient temperatures above 75° C and the Dual-In-Line package at 9 mw/C for opera- 
tion at ambient temperatures above 95°C. 
2. For supply voltages less than +15 V, the maximum input voltage is equal to the supply voltage. 
3. Unless otherwise specified, these specifications apply for supply voltages from +5 V to +20 V and C; = 30 pF. 


INPUT VOLTAGE RANGE-+V 


SUPPLY CURRENT-mA 


OUTPUT VOLTAGE SWING — +V 


Cen Loop Frequency Response Large Signal Frequency Response Voltage Follower Pulse Response 
16 10 


VOLTAGE GAIN-dB 





Am101/201/301 


GUARANTEED PERFORMANCE CURVES 


(Curves apply over the Operating Temperature Ranges) 


Input Voltage Range Output Swing Voltage Gain 





















































OUTPUT SWING-+V 
VOLTAGE GAIN-dB 
































10 15 
SUPPLY VOLTAGE-+V SUPPLY VOLTAGE-+V SUPPLY VOLTAGE-tV 
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PERFORMANCE CURVES 


Supply Current Voltage Gain Maximum Power Dissipation 











Oo 























VOLTAGE GAIN-dB 








POWER DISSIPATION—mW 
























































1 15 0 45 65 85 105 125 
SUPPLY VOLTAGE-+V SUPPLY VOLTAGE-+V TEMPERATURE-°C 


Current Sar Input Noise aa Input Noise Current 






















































































MEAN SQUARE NOISE VOLTAGE -V2/Hz 
MEAN SQUARE NOISE CURRENT (A?/Hz) 














So 

ES 
~ 
ro) 


100 1k 10k 100k 
OUTPUT CURRENT-+mA FREQUENCY-Hz FREQUENCY (Hz) 


SINGLE POLE 


COMPENSATION 


r 
! 





Vv 





-t 


























PHASE LAG - DEG 
VOLTAGE SWING—-V 





OUTPUT SWING 


SINGLE POLE! GAIN 
© FCOMPENSATIO 
























































0 
100 1k 10k 100k 1M 10M 10 0 10 20 30 40 50 60 70 80 
FREQUENCY-Hz FREQUENCY-Hz TIME-uS 
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Am101/201/301 


FREQUENCY COMPENSATION CIRCUITS 


Single Pole Compensation Two Pole Compensation Feedforward Compensation 
C2 
R2 


LIC-640 LIC-641 LIC-642 


C12 Ri cy 


R1C, 1# RQ = 150 pF sas 
C12 wat Cy= 30 pF P ©2= a57,Rp 
Cs = 300F C2=10Cy 


ft, = 3MHz 
Power supplies should be bypassed to ground at one point, minimum, on each card. More bypass points should be considered 
for five or more amplifiers on a single card. For applications using feed-forward compensation, the power supply leads of 
each amplifier should be bypassed with low inductance capacitors. 


Compensating for Stray Input Isolating Large Capacitive Loads 


Capacitance/Large Feedback Resistance Ro 
C2 © OUTPUT 


LIC-643 C2= Ries a A LIC-644 
Ro = 

The values given for the frequency compensation capacitor guarantee stability only for source resistances less than 10k, 
stray capacitances on the summing junction less than 5pF and capacitive loads smaller than 100pF. If any of these condi- 
tions is not met, it is necessary to use a larger compensation capacitor. Alternately, lead capacitors can be used in the 


feedback network to negate the effect of stray capacitance and large feedback resistors, or an RC network can be added to 
isolate capacitive loads. 


Metallization and Pad Layout 


INPUT {-) compe. 
“ANINULL 
INPUT (+) 





COMP. ““B’’ 


vt 


OUTPUT 














Am101A/201A/301A 


Operational Amplifiers 





Description: The Am101A, Am201A and Am301A mono- Distinctive Characteristics: 100% reliability ssurance 
lithic operational amplifiers are functionally, electr- testing including high-temperature bake, temperature 
ically and pin-for-pin equivalent to the National LM101A, cycling, centrifuge and fine leak hermeticity testing in 


LM201A, and LM301A. They are available in the hermetic compliance with MIL-STD-883. 


TOS metal can, duet inline, apd flat packages: Electrically tested and optically inspected dice tor the 


assemblers of hybrid products. 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 


The Am101A/Am201A/Am301A are differential input, class AB 

output operational amplifiers. The inputs and outputs are pro- 

tected against overload and the amplifiers may be frequency INVERTING 
compensated with an external 30pF capacitor. The combina- INPUT 
tion of low-input currents, low-offset voltage, low noise, and 
versatility of compensation classify the Am101A/Am201A/ 
Am301A amplifiers for low level and general purpose appli- 
cations. 


NON-INVERTING 


LIC-645 


APPLICATIONS 
INPUT/OUTPUT OVERLOAD PROTECTION 


If an input is driven from a low-impedance source, a series resistor, R, should be used to 
limit the peak instantaneous output current of the source to less than 100 mA. A large 
capacitor (>0.1'zF) is equivalent to. a low-source impedance and should be protected 
against by an isolation resistor. 
The amplifier output is protected against damage from shorts to ground or to the power 
supplies by device design. Protection of the output from voltages exceeding the specified 
Operating power supplies can be obtained by isolating the output via limiting resistors 
‘Ami0t A. R, or Re. 
oe TEST : A 

The power supplies must never become reversed, even under transient conditions. Reverse 

FREQ. POINT : : F 

comp. voltages as low as 1 volt can cause damage through excessive current. This hazard can be 

8 reduced by using clamp diodes of high peak current rating connected to the device supply 

lines. 


LIC-646 


ORDERING INFORMATION CONNECTION DIAGRAM 
Top Views 


Package Temperature Order 7 F 
Type Agnes Number Dual-In-Line Dual-In-Line Metal Can 


FREQ. COMP 
B 


DIP 0°C to +70°C LM301AD COMP. A/ 


BALANCE CI 


MetalCan °C to 70°C LM301AH ee FREQ. COMP. AL, 0” 
AM301A Molded DIP 0°C to +70°C LM301AN lsccuaite (es 


Dice 0°C to +70°C LD301A pyennine > d output 


DIP ~25°C to +85°C LM201AD “i NON INVERTING ee 


Am201A Metal Can -—25°C to+85°C LM201AH 
Flat Pak —25°C to +85°C Lm201AF NOTES: 


DIP 55°C to +125°C LM101AD L— ” an Ae connected to case. 
Metal Can —55°C to +125°C LM101AH ; 
Ami01A 2) On DIP, pin 6 is connected 
FlatPak —55°C to +125°C LM101AF o to bottom of package. : 
Dice —55°C to +125°C LD101A 








{3) On. Flat Package, pin 5 is 
LIC-647 peer connected to bottom of package. 
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Am101A/201A/301A 
MAXIMUM RATINGS 





Supply Voltage 














Am101A, 201A +22V 
Am301A +18V 
Internal Power Dissipation (Note 1) 500 mw 
Differential Input Voltage +30V 
Input Voltage (Note 2) +15V 
Output Short-Circuit Duration Indefinite 





Operating Temperature Range 
Am 101A 
Am201A 
Am301A-: 


—55°C to +125°C 
—25°C to +85°C 
0°C to +70°C 





Storage Temperature Range 


—65°C to +150°C 





Lead Temperature (Soldering, 60 sec.) 


300°C 





ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise 


specified) (Note 3) 





















































































































Parameter | Am 301A 
(see definitions) Conditions Min’ Typ Max 
Input Offset Voltage R, < 50 kQ 2.0 7.5 
Input Offset Current 3 50 
Input Bias Current a 70 250 
Input Resistance 0.5 2 
Supply Current V, = +20V 
Vo = +15V : 1.8 3.0 
Large Signal Voltage Gain vs = t15V, Vou = $10, 25 160 
L> 2 ka 
Slew Rate Vo = +20V, Ay = +1 _ | 0.5 
The Following Specifications Apply Over The Operating Temperature Ranges 
Input Offset Voltage R, < 50 kQ 10 
input Offset Current eee ee ed 70 
Average Temperature 
Coefficient of Input Offset Voltage Tagminy S Ta S Taian ee 80 
Average Temperature © 0.01 0.3 
Coefficient of Input Offset Current 0.02 0.6 
Input Bias Current 300 
: , Vy, = +15 V, Voy = +10V, 
Large Signal Voltage Gain t R, > 2ka 25 
Ve = +20V 
Input Voltage Range Ve 5 wy 15, -12 
Common Mode Rejection Ratio Rg < 50 kQ 70 90 
Supply Voltage Rejection Ratio R, < 50 kQ 70 96 
V, = +15V, R, = 10 ka, +12 +14 
Output Voltage Swing R, = 2kg, +10 +13 
Supply Current T, = 4+125°C Vo = +20V 
Notes: 1. Derate Metal Can package at 6.8 mw/C for Operation at ambient temperatures above 75°C and the Dua! In-Line package at 9 mW/°C for opera- 


tion at ambient temperatures above 95°C, and the Flat Package at 5.4 mw/*C for Operation at ambient temperatures above 57°C. 


2. 
3. 
for the 301A. 


For supply voltages less than +15 V, the maximum input voltage is equa! to the supply voltage. 
Unless otherwise specified, these specifications apply for supply voltages from +5 V to +20 V for the 101A and 201A, and from +5 V to £15 V 


Metallization and Pad Layout 


INPUT(-) 


t{NPUT(+) 


COMP. “A”/NULL 





vr 


OUTPUT 











Am101A/201A/301A 


FREQUENCY COMPENSATION CIRCUITS 


Single Pole Compensation Two Pole Compensation Feedforward Compensation 


C2 
R2 Ro 





A 





R3 
1 
R1C 10k2 C1 C2" sf-Ro 
(ones = 7f,R2 
AIC 12 Aah = : 
C12 TF C,= 30 pF 150 pF = 3 MHz 
Cy = 30 pF C= 10C4 = 
LIC-648 LIC-649 LIC-650 
Figure 1 Figure 2 Figure 3 


Power supplies should be bypassed to ground at one point, minimum, on each card. More 
bypass points should be considered for five or more amplifiers on a single card. For appli- 
cations using feed-forward compensation, the power supply leads of each amplifier should 
be bypassed with low inductance capacitors. 


Compensating for 
Stray Input Capacitance/Large 
Feedback Resistance Isolating Large Capacitive Loads 


R2 





C2 





LIC-651 LIC-652 


Figure 4 Figure 5 


The values given for the frequency compensation capacitor guarantee stability only for 
source resistances less than 10kQ, stray capacitances on the summing junction less than 
5pF and capacitive loads smaller than 100pF. If any of these conditions is not met, it is 
necessary to use a larger compensation capacitor. Alternately, lead capacitors can be used 
_in the feedback network to negate the effect of stray capacitance and large feedback 
resistors, or an RC network can be added to isolate capacitive loads. 


Am101A/201A/301A 


PERFORMANCE CURVES (Note 3) 


Open Loop Open Loop Open Loop 
Frequency Response | Frequency Response sie Response 


WO POLE FEEDFORWARD || 
COMPENSATION 205 COMPENSATION 


(figure 2) (figure 3) 


aN 
ee ee 


d 
© 
o 


PHASE, | No y | 
PPA NAL 
eS 

a \ Lo 
SINGLE POLE = 25°C 
_ COMPENSATION : Wea 
S 
ere N es 
10 100 1k 10k 100k 1M 10M 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M 100M 
FREQUENCY-Hz FREQUENCY-Hz FREQUENCY-Hz 


VOLTAGE GAIN-d 
PHASE LAG - DEG 

VOLTAGE GAIN-dB 
PHASE LA 

VOLTAGE GAIN-dB 





Voltage Follower Voltage Follower 
Pulse Response Pulse Response Inverter Pulse Response 


= 


0M mW FE HON BDDS 


SINGLE POLE TWO POLE FEEDFORWARD |__|, OUTPUT 
COMPENSATION MPENSATION COMPENSATION TA { [4 
(figure 1) (figure 2} eat 3) —— 
= j pa ie ees 


ecient ae 
|| ey | | 


VOLTAGE SWING-V 
VOLTAGE SWING-V 
VOLTAGE SWING-V 


-10 
0 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 
TIME-Hs TIME-xs 


Large Signal Large Signal Large Signal 
Frequency Response Frequency Response Frequency Response 


> 
41 


vary 


PT TTI 
ALT TTT 
HIN UT 





ARD 
PENSATION 
(figure 


COMPENSATION 
{figure 2) 














OUTPUT VOLTAGE SWING 




















OUTPUT VOLTAGE SWING — +V 
OUTPUT VOLTAGE SWING — +V 





























100k im 
FREQUENCY-Hz FREQUENCY- Hz FREQUENCY- Hz 


Closed Loop 
Common Mode Rejection Power Supply Rejection Output Impedance 


SINGLE POLE 
COMPENSATION 
(figure 1) 





COMMON MODE REJECTION-dB 
SUPPLY REJECTION-dB 
OUTPUT IMPEDANCE -2 


100. Ik 10k 100k 1M 1k 
eee FREQUENCY- Hz FREQUENCY-Hz 


LIC-653 
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Am101A/201A/301A 


GUARANTEED PERFORMANCE CURVES (note 3) 


(Curves apply over the Operating Temperature Ranges) 


Input Voltage Range Output Swing Voltage Gain 








Vv 
-+V 


-+ 























INPUT VOLTAGE RANGE 
OUTPUT VOLTAGE SWING 
VOLTAGE GAIN-dB 

















SUPPLY VOLTAGE- +V SUPPLY VOLTAGE-+V SUPPLY VOLTAGE-+V 


PERFORMANCE CURVES (note 3) 


Input Current—101A, 201A Input Current—301A 


INPUT CURRENT-nA 
INPUT CURRENT-nA 





75 -50 -25 0 25 50 75 100 125 
TEMPERATURE-°C TEMPERATURE~°C 


Input Noise Voltage Input Noise Current 



































IT 
tase] (ll I [Ill 


1k 10k 100k 
FREQUENCY—Hz FREQUENCY-Hz 





























MEAN SQUARE NOISE VOLTAGE-V2/4, 
MEAN SQUARE NOISE CURRENT—A?/Hz 


Current Limiting Voltage Gain Supply Current 


eee 
—_—_— 


NNN 














VOLTAGE GAIN-dB 
SUPPLY CURRENT-mA 











OUTPUT VOLTAGE SWING — +V 





OUTPUT CURRENT-2mA SUPPLY VOLTAGE-#V SUPPLY VOLTAGE-+V 
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Am102/202/302 





Distinctive Characteristics 


® The Am102/202/302 are functionally, electrically, 
and pin-for-pin equivalent to the National LM102/ 
202/302 


@ Slew rate: 20V/yus 
@ Small signal bandwidth: 2OMHz 
@ Input current: 100nA max. over temperature 


FUNCTIONAL DESCRIPTION 


The Am102/202/302 is a monolithic Operational Amplifier 
internally connected as a unity gain non-inverting amplifier. 
This circuit is ideal for such applications as fast sample and 
hold circuits, active filters, or as a general purpose buffer. 
Super-beta transistors are used allowing the devices to operate 
at very low input currents without sacrificing speed. It may 
be used to replace conventional op amps such as 101 and the 
741 in voltage follower applications, where lower offset 
voltage, drift, bias current, noise, plus higher speed and a 
wider operating voltage range is desirable. 


Voltage Follower 


® Supply voltage range: +5.0V to +18V 

® 100% reliability assurance testing in compliance with 
MIL-STD-883 

@ Electrically tested and optically inspected dice for 
hybrid manufacturers 

@ Available in metal can, hermetic dua!-in-line or her- 
metic flat packages 


FUNCTIONAL DIAGRAM 


OUTPUT 


A 


— 
BALANCE BOOSTER 
LIC-655 


TYPICAL APPLICATION 


Fast Integrator With. 
Low-Input Current 


ORDERING INFORMATION 


Order 
Number 


LM302H 
LM302D 
LD302 


LM202H 
LM202D 


LM102H 
LM102D 
LM102F 
LD102 


Package 
Type 


Temperature 
Range 


TO-99 0°C to +70°C 
Hermetic DIP 0°C to +70°C 
Dice 0°C to +70°C 
TO-99 -25°C to +85°C 
Hermetic DIP -25°C to +85°C 


TO-99 -55°C to +125°C 
Hermetic DIP -55°C to +125°C 
Flat Pak —~55°C to +125°C 
Dice -55°C to +125°C 


LIC-656 


CONNECTION DIAGRAMS 
Top Views 


Metal Can 


BALANCE B 
4a 


Dual-!In-Line 


5S BOOSTER 


NOTES: 


{1) On Metal Can, 
pin 4 is connected to case. 


On DIP, pin 6 is connected 
to bottom of package. 


On Flat Package, pin 5 is 


connected to bottom of package. 
LIC-657 





Am102/202/302 
MAXIMUM RATINGS 


Supply Voltage +18V 


Internal Power Dissipation (Note 1) 500mW 
Input Voltage (Note 2) t15V 
Output Short-Circuit Duration (Note 3) Indefinite 
Operating Temperature Range 

Am102 -55°C to +125°C 

Am202 -25°C to + 85°C 

Am302 O°C to + 70°C 
Storage Temperature Range ~65°C to +150°C 
Lead Temperature (soldering, 60 sec) 300°C 


ELECTRICAL CHARACTERISTICS (Tx, = 25°C unless otherwise specified) (Note 4) 


Am302 Am202 


T Max. Min. Typ. Max. Units 
oa | 
| 20 | 


Parameter (see definitions) Conditions Min. 


N 
o 


= 
o 


Input Offset Voltage 






N 
j=] 


Input Bias Current 30 
Input Resistance 


Input Capacitance 






p15 | 
0.9985 
5 


3 5 


yp. 
9 
ee 
20 


Large-Signal Voltage Gain 





RL =8.0k2, Vout = +10V, Vg = +15V 


Output Resistance 


Slew Rate Vg = +15V, Vin = +10V, Ry = 10k2 


The Following Specifications Apply Over The Operating Temperature Range 


Input Offset Voltage 


Input Bias Current 
Large-Signal Voltage Gain Ry = 10k, Vout = +10V, Vg = +15V 0.9985 


| 39 | 
Pe 
a 
aed 
Output Voltage Swing (Note 5) ao | 
| 
he ae 
zs 
ie as 


Supply Current Ta F+125°C 


Supply Voltage Rejection Ratio +5.0V < Vg < #18V 


0°C <Ta <+70°C 
-55°C <Tay < +85°C 
+85°C <Ty <4125°C 


Average Temperature 
Coefficient of Input Offset Voltage 


Notes: 1. Derate Metal Can package 6.8mW/*C for operation at ambient temperatures above 75° C, the Dual-In-Line at 9.0mW/*C for operation at ambient 
temperatures above 95°C, and the Flat Packages at 5.4mW/*C for Operation at ambient temperatures above 57°C. 

2. For supply voltages less than +15V, the maximum input voltage is equal to the supply voltage. 

3. To prevent damage when the output is shorted, it is necessary to insert a resistor Jarger than 2.0k22 in series with the input. Continuous short cir- 
cuit is allowed for case temperatures to +125°C and ambient temperatures to +70°C for the 102/202. For 302, the corresponding temperatures 
are +70 C and +55 C respectively. 

4, Unless otherwise specified, these specifications apply for supply voltages from +5.0V to +18V. 

5. Greater output voltage swing can be obtained by connecting a resistor from booster terminal to V—. 


AC TEST CIRCUIT 


Vin = £5.0V PULSE 
LIC-658 
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Am102/202/302 


VOLTAGE GAIN - V/V 


INPUT CURRENT - nA 


OUTPUT RESISTANCE-® 


OUTPUT SWING —+V 


TYPICAL PERFORMANCE CURVES 


Input Current 
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Output Noise Voltage 
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Symmetrical Output Swing 
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OUTPUT SWING-V 
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OUTPUT SWING V 
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Large Signal Pulse Response 






































Rg = 10k2 
ir & = 200 Hz 
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TEMPERATURE- C 


Positive Output Swing 












































CURRENT — mA 


Supply Current 
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APPLICATIONS 
Offset Nulling Circuit 


LIC-660 


Differential Input 
Instrumentation Amplifier 


Raq 
100k2 
0.1% 


OUTPUT 


INPUTS 
BALANCE 


LIC-662 


Metallization and Pad Layout 














Am102/202/302 


Increasing Negative 
Swing Under Load 


OUTPUT 
BOOSTER 


*May be added to reduce 
internal dissapation, 


LIC-661 


Fast Inverting Amplifier 


With 


OUTPUT 


BOOSTER 


High Input Impedance 


Cy 
5pF 


LIC-663 











Am107/207/307 


Frequency Compensated Operational Amplifier 





Description: The Am107/207/307 Operational Amplifiers Distinctive Characteristics: 100% reliability assurance 

are functionally, electrically, and pin-for-pin equivalent testing including high-temperature bake, temperature 

to the National LM107/207/307. They are available in cycling, centrifuge and fine leak hermeticity testing in 

the hermetic metal can, flat package, and dual-in-line compliance with MIL STD 883. 

packages. Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 
The Am107/207/307 monolithic operational amplifiers are 

internally frequency compensated and input/output overload 

protected. These differential input, class AB output amplifiers 

are intended to provide high accuracy and lower noise in high 

impedance applications. The Am107/207/307 provide im- INVERTING 
proved electrical parameters and are pin-for-pin replacements INPUT 
for the 709, 101, 101A and 741 in most applications. 


Ver ovt 


NON-INVERTING 
INPUT 


LIC-664 


APPLICATIONS 


lf an input is driven from a low-impedance source, a series resistor, R, should be used to 
limit the peak instantaneous output current of the source to less than 100 mA. A large 
capacitor (>0.1uF) is equivalent to a low source impedance and should be protected 
against by an isolation resistor . 

The amplifier output is protected against damage from shorts to ground or to the power 
supplies by device design. Protection of the output from voltages exceeding the specified 
operating power supplies can be obtained by isolating the output via limiting resistors 
Rs or Rs. 


Input/Output Protection 


The power supplies must never become reversed, even under transient conditions. Reverse 
voltages as low as 1 volt can cause damage through excessive current. This hazard can be 
reduced by using clamp diodes of high-peak current rating connected to the device supply 
lines. 


LIC-665 


ORDERING INFORMATION CONNECTION DIAGRAMS 
Top View 


Dual-In-Line Metal Can 


NC 


Part Package Temperature Order 
Number Type Range Number 


DIP 0°C to +70°C LM307D 
Am307 Metal Can 0°C to +70°C LM307H 
Dice 0°C to +70°C LD307 


DIP —25°C to +85°C LM207D 
Metal Can —25°C to +85°C LM207H 


Flat Package —25°C to +85°C LM207F NOTES: 
° ro) (1) On Metal Can, 
DIP —55 Cto +125 C LM107D pin 4 is connected to case. 


MetalCan —55°C to +125°C LM107H 
° ° 2) On DIP, pin 6 i ted 
Flat Package 55°C to +125°C —- LM107F ae 


Dice —55°C to +125°C LD107 NON:INVERTING ; 
INPUT (3) On Flat Package, pin 5 is 


voy 
LIC-666 connected to bottom of package. 














MAXIMUM RATINGS 


Am107/207/307 





Supply Voltage 























Am107, Am207, +22V 
Am307 +18V 
Internal Power Dissipation (Note 1) 500 mW 
Differential Input Voltage +30V 
Input Voltage (Note 2) +15V 
Output Short-Circuit Duration Indefinite 





Operating Temperature Range 
Am107 





—55°C to +125°C 































































































Am207 —25°C to +85°C 
Am307 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (Note 3) 
Am107 
Parameter Am307 Am207 
(see definitions) Conditions Min Typ Max Min Typ Max Units 
| Input Offset Voltage | Rs < 50 ke / 220. .tp 07 20 mV 
Input Offset Current - 3 50 [ 1.5 10 nA 
Input Bias Current | 70250 | 30 75 | nA 
Input Resistance 0.5 Be 1.5 4 | Mo 
V, = +20V 1.8 3.0 mA 
Supply Current | Ve = £15V 18 3.0 mA 
fe aoe 3 Hei eat Fr, | 4 
Large Signal Voltage Gain Vs = +15V, Vour = £10V, 25 160 50 160 V/mV 
L R, > 2k2 ee = 
Slew Rate R, > 2k2Q = 7 0.2 0.5 0.2 0.5 V/ns 
The Following Specifications Apply Over The Operating Temperature Ranges 
| Input Offset Voltage [Rs < 50 ke : 10 3.0 mV 
Input Offset Current ; 70 ; 20 nA 
Average Temperature T....<T. <T 6.0 30 3.0 15 uV/°C 
Coefficient of Input Offset Voltage | Alin) = “A ~ (Almay) a 
Average Temperature 25°C < Ta < Ta imax) 0.01 0.3 | 0.01 0.1 nA/°C 
Coefficient of Input Offset Current | Ty tmin) S Ta < 25° 0.02 0.6 | 0.02 4.2 nA/°G 
Input Bias Current 300 100 nA 
: . Ve = #15V, Voy = £10 V, 25 25 V/mvV 
Large Signal Voltage Gain R,> 2k OUT 
T 5 ae 2 | 
Vo = +20V +15 V 
Input Voltage Range Ve = +15V +15, —12 V 
Common Mode Rejection Ratio R, < 50 kQ 70° 90 | 80 96 dB 
Supply Voltage Rejection Ratio Re < 50 kQ 70 96 80 96 dB 
; V, = +15V, R, = 10 kQ, +12 +14 +12 +14 Vv 
Output Voltage Swing R=2ko, #10 +13 +10 +13 Vv 
Supply Current Z 1.2 2.5 mA 





T, = +125°C Vo = +20V 














Notes: 1. 


Derate Metal Can package at 6.8 mw/°C for Operation at ambient temperatures above 75°C, the Dual In-Line package at 9 mw/°C for operation 


at ambient temperatures above 95°C, and the Flat Package at 5.4 mw/°C for operation at ambient temperatures above 75°C. 
2. For supply voltages less than +15 V, the maximum input voltage is equa! to the supply voltage. 
3. Unless otherwise specified, these specifications apply for supply voltages from +5 V to +20 V for the Am107 and Am207 and from +5 V to +15 V 


for the Am307. 
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Am107/207/307 


GUARANTEED PERFORMANCE CURVES (Note 3) 


(Curves apply over the Operating Témperature Ranges) 


Input Voltage Range Output Swing Voltage Gain 


-1V 





INPUT VOLTAGE RANGE-+V 
OUTPUT VOLTAGE SWING 
VOLTAGE GAIN-dB 





SUPPLY VOLTAGE-£V SUPPLY VOLTAGE-+V SUPPLY VOLTAGE-+V 


PERFORMANCE CURVES (Note 3) 


Input Current—Am107, Am207 Input Current—Am307 Voltage Gain 


INPUT CURRENT-nA 
INPUT CURRENT-nA 
VOLTAGE GAIN-dB 





0 
‘75 60 -25 0 25 50 75 100 125 
TEMPERATURE—C TEMPERATURE-°C SUPPLY VOLTAGE-tV 


Current Limiting Input Noise Voltage Input Noise Current 























OUTPUT VOLTAGE SWING — +V 





























MEAN SQUARE NOISE VOLTAGE -V?2/Hz 
S 
cy 


MEAN SQUARE NOISE CURRENT—A?/Hz 


Tp = 25°C | 
0 100 


OUTPUT CURRENT-+mA FREQUENCY-Hz FREQUENCY-Hz 


Open Loop Large Signal Voltage Follower 
Frequency Response Frequency Response Pulse Response Supply Current 


Led 
A_| of 


=GGeer: 
Cee 
CACC Ty 
SCNT yroorear 
el 
PERREEHT 


N 
Hi; NA : |_| Ta = 25°C 
Dna! s 
10 100 1k 10k 100k 1M 10M 


FREQUENCY—-Hz FREQUENCY-Hz TIME-s SUPPLY VOLTAGE-tV 




















VOLTAGE GAIN — dB 
SUPPLY CURRENT-mA 








OUTPUT SWING (+V) 
OUTPUT VOLTAGE SWING-V 
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Am107/207/307 


ADDITIONAL APPLICATION INFORMATION 


Stray Input Capacitance/Large Large Capacitive Loads 
Feedback Resistance 
R2 





LIC-669 





LIC-668 


Stability is guaranteed for source resistances less than 10kQ, stray capacitances on the 
summing junction less than 5 pF, and capacitive loads smaller than 100 pF. If any of these 
conditions is not met, lead capacitors may be used in the feedback network to negate the 
effect of stray capacitance and large feedback resistors, or an RC network can be added to 
isolate capacitive loads. Power supplies should be bypassed to ground at one point, minimum, 
on each card. More bypass points should be considered for five or more amplifiers on a 
single card. 


Metallization and Pad Layout 














49 x 56 Mils 





6-17 





Am108/208/308-Am108A/208A/308A 


Operational Amplifiers 





Description: The 108, 208, 308, 108A, 208A and 308A 
monolithic operational amplifiers are functionally, elec- 
trically and pin-for-pin equivalents to the National 
LM108, LM208, LM308, LM108A, LM208A and LM308A. 
They are available in the hermetic TO-99 metal can, 
dual-in-line, and flat packages. 


FUNCTIONAL DESCRIPTION 

These differential input, precision amplifiers provide low input 
current and offset voltage competitive with FET and chopper 
stabilized amplifiers. They feature low power consumption 
over a supply voltage range of +2V to +20V. The amplifiers 
may be frequency compensated with a single external ca- 
pacitor and are pin-for-pin interchangeable with the 101A/ 
201A/301A. The 108A, 208A, and 308A are high performance 
selections from the 108/208/308 amplifier family. 


Distinctive Characteristics: 100% reliability assurance 
testing including high-temperature bake, temperature 
cycling, centrifuge and fine leak hermeticity testing in 
compliance with MIL STD 883. 
Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DIAGRAM 
Frequency Compensation Circuits 
Ro 


INVERTING INVERTING 
INPUT Ry INPUT Ry 


OUTPUT 
B 


NON-INVERTING NON-INVERTING 00 pF 
INPUT INPUT Pp 


1 
or 04( 1 +R, ) 
' 


C, = 30 pF 


1 
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APPLICATIONS 


Connection of Input Guards 


INVERTING AMPLIFIER 
LIC-671 LIC-672 


*Use to compensate for large source resistances. 


ORDERING INFORMATION 


Part Package Temperature Order 
Number Type Range Number 


Hermetic DIP 0°C to +70°C LM308D 

TO-99 0°C to +70°C LM308H 

Am308 — Molded DIP. 0’C to #70°C LM308N 
Dice 0°C to +70°C L0308 


Hermetic DIP 0°C to +70°C LM308AD 

TO-99 0°C to +70°C LM308AH 

Molded DIP 0°C to +70°C LM308AN 
Dice O°C to +70°C LD308A 


Am2og Hermetic DIP -25°C to +85°C LM208D 
i TO.99 -25°C to +85°C — LM208H 


Hermetic DIP -25°C to +85°C LM208AD 
TO-99 ~25°C to +85°C LM208AH 


Hermetic DIP. -55°C to +125°C LM108D 
Am108 TO-99 ~B5°C to +125°C = LM108H GUARD 
Dice ~55°C to +125°C LD108 INVERTING 


Hermetic DIP -55°C to +125°C LM108AD 
Am108A TO-99 -55°C to +125°C LM108AH 
Dice -55°C to +125°C = LD 108A 


Dual-In-Line 


Am3084 


Am208A 


NON INVERTING 
INPUT 


FOLLOWER 


OUTPUT 


Cc) i 
aaa 
Am108 


Cy 


NON-INVERTING AMPLIFIER 
LIC-673 


NOTE: Ri R2_ Must be LOW impedance 


Ri + R2 


CONNECTION DIAGRAMS 
Top Views 


Metal Can 


FREQ. COMP. B 


Dual-In-Line 


INVERTING 
INPUT 


On Metal Can, 
pin 4 is connected to case. 


On DIP, pin 7 is connected 
to bottom of package. 


On Flat Package, pin 6 is 
connected to bottom of package. _LIC-674 





MAXIMUM RATINGS 


Am108/208/308 » Am108A/208A/308A 





Supply Voltage 














Am108, 208, 108A, 208A, +20V 
Am308, 308A +18V 
Internal Power Dissipation (Note 1) 500 mW 
Differential Input Current (Note 2) +10mA 
Input Voltage (Note 3) +15V 
Output Short-Circuit Duration Indefinite 





Operating Temperature Range 
Am108, 108A 


—55°C to +125°C 































































































Am208, 208A —25°C to +85°C 
Am308, 308A 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (Note 4) 
Am108 Am108A 
Parameter Am308 Am308A Am208 Am208A 
(see definitions) Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 
|. Input Offset Voltage 2.0 7.5 0.3 0.5 0.7 2.0 | 0.3 0.5 | mV 
_Input Offset Current ; 0.2 1.0 0.2 1.0 [ 0.05 0.2 0.05 0.2 | nA 
Input Bias Current 15 7 15 7 0.8 2.0 08 20 [nA | 
Input Resistance 10 40 10 40 30 70 30 70 MQ 
7 
V; = £20V | 0.3 0.6 0.3 0.6 
Supply Gurent Ve = +15V 03 08 03 08 ue 
Large Signal Voltage Gain Ms = 7 a Vour = =10V.) 95 300 80 300 50 300 80 300 V/mV 
bez 
The Following Specifications Apply Over The Operating Temperature Ranges 
Input Offset Voltage 10 0.73 3.0 | 1.0 | mV 
Input Offset Current 1.5 1.5 0.4 0.4 | nA 
L | 
Average Temperature 
Coefficient of Input Offset Voltage ON 230 ae, 2 ae). 45 ee au 
Average Temperature 6 
Coefficient of Input Offset Current ee 5 Ae ao ao Oe 28 08 <2) |,.PNG 
Input Bias Current 10 10 3.0 3.0 | nA 
: . . Vo = +15V, Voyr = +10 V, 
Large Signal Voltage Gain R, > 10k2 15 60 25 40 V/mvV 
Input Voltage Range Vo = +15V +13.5 +13.5 +13.5 +13.5 Vv | 
Common Mode Rejection Ratio 80 100 96 110 85 100 96 110 dB | 
Supply Voltage Rejection Ratio 80 96 96 110 80 96 96 110 dB 
Output Voltage Swing Vo = £15 V, R, = 10 kQ, +13 +14 +13 +14 +13 +14 +13 +14 Vv 
V,= +20 V 
Supply Current Ven215V 0.6 1.0 06 0.8 0.15 0.4 0.15 0.4 | mA 
sat 





ee 








Derate Metal Can package at 6.8 mw/°C for operation at ambient temperatures above 75°C and the Dual In-Line package at 9 mw/°C for opera- 
tion at ambient temperatures above 95°C. 

The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage 
in excess of 1 V is applied between the inputs unless some limiting resistance is used. 

For supply voltages less than t15V, the maximum input voltage is equal to the supply voltage. 

Unless otherwise specified, these specifications apply for supply voltages from +5 V to +20 V for the 108, 208, 108A and 208A and from +5 V 
to +15 V for the 308 and 308A. 


Notes: 1. 


2. 


3. 
4. 
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Am108/208/308 > Am108A/208A/308A 


OUTPUT SWING-+V SUPPLY REJECTION-dB INPUT CURRENT-nA 


OUTPUT IMPEDANCE-2 


TYPICAL PERFORMANCE CURVES 


Input Currents 








DRIFT ERROR — pV/°C 











-55-35 -15 5 25 45 65 85 105 125 
TEMPERATURE ~°C 


Power Supply Rejection 





INPUT NOISE -nV//Hz 


100k 
FREQUENCY -Hz 


Output Swing 
La] 


=a 
z 





SUPPLY CURRENT-pA 


OUTPUT CURRENT-+mA 


Closed Loop 
Output Impedance 





‘Ay = 1000, Cy = 0 pF 
“Ay = 1000, Cy = 30 pF 
“Ay = 1, Ce= 30 pF 

1 5 


OUTPUT SWING-:V 


1k 10k 100k 
FREQUENCY -Hz 


Maximum Drift Error 


























7) 


100k 








08/108A: ~55°C < Ty S 125°C 
208/208A: —25°C < Tas 85°C 
308/308A: O°C<T,< 70°C 
1M 10M 
INPUT RESISTANCE — 2 


Input Noise Voltage 

















Bill 
tT 
| s= 00% | II | | [I 
eee 
— El 
TT TT] 








100 1k 10k 
FREQUENCY- Hz 


100k 


Supply Current 


SUPPLY VOLTAGE-+V 


Large Signal 
Frequency Response 


PUTT TE i] tas 28% 
—wesneeee. Vg = #15 V 








H 














1k 


\ 
N 
| THESSTT 


a el 
LT 
Ul 
\ 
PN 














10k 100 k 
FREQUENCY -Hz 
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VOLTAGE SWING-V 


EQUIVALENT INPUT OFFSET VOLTAGE — mV 


VOLTAGE GAIN-dB 


VOLTAGE GAIN-dB 





Maximum Offset Error 
























































| 
108/108A: ~55°C < Tp, < 125°C 
17 208/208A: ~25°C <Ta < 85°C 
308/308A: O°C<T,~< 70°C 








10M 
INPUT RESISTANCE — 2 


Voltage Gain 





SUPPLY VOLTAGE -+V 


Open Loop 
Frequency Response 


PHASE LAG - deg. 


100 1k 10k 100k 1M 
FREQUENCY~-Hz 


Voltage Follower 
Pulse Response 


So 
El ee ialel oie 
4 Oe a 
a 
TC near Poorear 


0 20 40 60 80 100120140160 
TIME -ys 
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Am108/208/308 « Am108A/208A/308A 


ADDITIONAL APPLICATION INFORMATION 
GUARDING 


Extra care must be taken in the assembly of printed circuit boards to take full advantage of the low input 
currents of the 108 amplifier. Boards must be thoroughly cleaned with TCE or alcohol and blown dry with 
compressed air. After cleaning, the boards should be coated with epoxy or silicone rubber to prevent con- 
tamination. 

Even with properly cleaned and coated boards, leakage currents may cause trouble at 125°C, particularly 
since the input pins are adjacent to pins that are at supply potentials. This leakage can be significantly 
reduced by using guarding to lower the voltage difference between the inputs and adjacent metal runs. 
Input guarding of the 8-lead TO-99 package is accomplished by using a 10-lead pin circle, with the leads of 
the device formed so that the holes adjacent to the inputs are empty when it is inserted in the board. The 
guard, which is a conductive ring surrounding the inputs, is connected to a low-impedance point that is at 
approximately the same voltage as the inputs. Leakage currents from high-voltage pins are then absorbed 
by the guard. 

The pin configuration of the dual-in-line package is designed to facilitate guarding, since the pins 
adjacent to the inputs are not used (this is different from the standard 741 and 101A pin configuration.) 


COMPENSATION 


. \ ie 
OUTPUT a, 3 8 4 
6 . 


°° 


4 


GUARD 


BOTTOM VIEW 


Board layout for Input Guarding 
with TO-99 package. 


Metallization and Pad Layout 


Of a 
: cm 
. 





INPUT (+) 


an! 


— OUTPUT 











56 x 56 Mils 





6-21 





Am110/210/310 


Voltage Follower 





Distinctive Characteristics 


¢ The Am110/210/310 are functionally, electrically, and e 100% reliability assurance testing in compliance with 


pin-for-pin equivalent to the National LM 110/210/310 MIL STD 883. 
Slew rate: 30V/s e Electrically tested and optically inspected dice for 


hybrid manufacturers. 
e Small signal bandwidth: 20 MHz e Available in metal can, hermetic dual-in-line or 


© Input current: 10 nA max. over temperature hermetic flat packages. 
e Supply voltage range: +5V to +18V 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 


The Am110/210/310 are voltage followers featuring high- 
speed, low-input currents and large input voltage range. They 
are internally compensated with provision for external offset 
adjustment. Operation over wide supply voltages and temper- 
ature is possible. 
OUTPUT 


—— 
BALANCE BOOSTER LIC-676 


TYPICAL APPLICATION 


Fast Integrator With 
Low-Input Current 


LIC-677 


ORDERING INFORMATION CONNECTION DIAGRAMS 


p Baek * Top Views 
NUMbeE ne st Pal Dual-In-Line Dual-In-Line Metal Can 
OE ew then ae ——— he NP oe cea gia echt can iee as BALANCE B 
TO-99 O°C to +70°C ~— LM310H a 
DIP o’Cto+70°C ~—LM310D 
Flat Package OCto+70°C  LM310F 
Molded DIP O°Cto+70°C LM310N 
Dice O°C to+70°C ~—LD310 
TO-99 —25°C to+85°C LM210H 
DIP ~25°C to +85°C LM210D 
Flat Pak —25°C to+85°C LM210F On Metal Can, 
TO-99 —55°C to +125°C LM110H ; pin 4 is connected to case. 
DIP —55°C to +125°C + LM110D ; On DIP, pin 6 is connected 
Flat Package —55°C to+125°C LM110F to bottom of package. 


Dice —55°C to+125°C LD110 F—=1 eoosteR On Flat Package, pin 5 is 
connected to bottom of package 








Am110/210/310 
MAXIMUM RATINGS 









































Supply Voltage +18V 
Internal Power Dissipation (Note 1) 500 mW 
Input Voltage (Note 2) +15V 
Output Short-Circuit Duration (Note 3) Indefinite 
Operating Temperature Range Am110 —55°C to +125°C 
Am210 —25°C to +85°C 
Am310 O°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (soldering, 60 sec) 300°C 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (Note 4) Am110 
Parameter Am310 Am210 
(see definitions) Conditions Min Typ Max Min Typ Max Units 







Input Offset Voltage 2.5 


2.0 


4.5 
1.0 















Input Bias Current 






















































Input Resistance 10+ 10° 104 10° MQ 
Input Capacitance 1.5 1.5 pF 
Large-Signal Voltage Gain R, = 8kQ, Vy = £10 V, V> = +15V | 0.999 0.9999 0.999 0.9999 V/V 
Output Resistance 0.75 0.75 2 









Supply Current 3.9 


30 


Large-Signal Voltage Gain R, = 10k®, V,, = +10V, V,= +15V 
Output Voltage Swing (Note 5) R, = 10 k®, V,= +15V +10 


10.0 
i 
10 
sane ee 
12 


3.9 
30 











Slew Rate Vo = #15 V, Vin = £10 V, R, = 10 k2 















The Following Specifications Apply Over The Operating Temperature Ranges 










Supply Voltage Rejection Ratio 














0° <T, < 70°C 


—55°C <T, < 85°C 
+85°C <T, < 125°C 









Average Temperature 
Coefficient of Input Offset Voltage 





Notes: 1. Derate Metal Can package 6.8 mw/°c for operation at ambient temperatures above 75°C, the Dual In-Line at 9 mW/°C for operation at ambient 
temperatures above 95°C, and the Flat Packages at 5.4 mw/C for operation at ambient temperatures above 57°C. 

2. For supply voltages less than +15 V, the maximum input voltage is equal to the supply voltage. 

3. To prevent damage when the output is shorted, it is necessary to insert a resistor larger than 2 k{Q in series with the input. Continuous short circuit 
is allowed for case temperatures to 125°C and ambient temperatures to 70°C for the 110/210. For 31 0, the corresponding temperatures are 70°C 
and 55°C respectively. ‘ 

4. Unless otherwise specified, these specifications apply for supply voltages from +5 to +18 V. 

5. Greater output voltage swing can be obtained by connecting a resistor from booster terminal to V-. 


AC TEST CIRCUIT 


LIC-679 
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Am110/210/310 


INPUT CURRENT - nA 


OUTPUT RESISTANCE-22 


OUTPUT SWING —+V 


Input Current 








.1 
-§5 -35-15 5 25 45 65 85 105125 
TEMPERATURE-°C 


Voltage Gain 




















1k 10k 100k 1M 
FREQUENCY-Hz 


Output Resistance 



























































FREQUENCY-Hz 


Large Signal 
Frequency Response 


DISTORTION 
eo 
























































1M 
FREQUENCY —Hz 


MEAN SQUARE NOISE VOLTAGE-nV/V/Hz 


VOLTAGE GAIN-dB 


LOAD RESISTANCE-kQ 


SUPPLY REJECTION -dB 


PERFORMANCE CURVES 


Output Noise Voltage 











10 100 tk 10k 100k 1M 
FREQUENCY-Hz 


Voltage Gain 


FREQUENCY- Hz 


Symmetrical Output Swing 


Vout =#i10Vv 














-55-35-15 5 25 45 65 85 105125 
TEMPERATURE-°C 


Power Supply Rejection 














10k 
FREQUENCY -Hz 
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saaiBap-9] ASWHd 


OUTPUT SWING-V 





Large Signal Pulse Response 
































Voltage Gain 


0.99999 


VOLTAGE GAIN-V/V 


0.999 


OUTPUT SWING -V 


SUPPLY CURRENT-mA 


Rg = 10k2 
f = 200 Hz 











—-55-35-15 5 25 45 65 85 105 125 
TEMPERATURE-°C 


Positive Output Swing 


























CURRENT — mA 


Supply Current 














0 
—-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE -°C 
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Offset Nulling Circuit 


LIC-681 


Differential Input 
Instrumentation Amplifier 


INPUTS 


LIC-683 


Am110/210/310 


APPLICATIONS 


Increasing Negative 
Swing Under Load 


OUTPUT 
BOOSTER 


Roe 
5.1kQ 


Ry 2 1002 “May be added to reduce 


internal dissapation. 
a 


LIC-682 


Fast inverting Amplifier 
With High Input Impedance 


Cy 


OUTPUT OUTPUT 


LIC-684 


Metallization and Pad Layout 


OUTPUT 








BOOSTER 








40 x 40 Mils 
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Am 112/212/312 


Compensated, High-Performance Operational Amplifier 





Distinctive Characteristics 


® The Am112/212/312 are functionally, electrically, @ 100% reliability assurance testing in compliance with 
and pin-for-pin equivalents to the National MIL-STD-883. 
LM1 12/212/312. @ Electrically tested and optically inspected die for 
@ Low input bias currents: 800pA assemblers of hybrid products. 
@ Low input offset currents: 50pA e@ Mixing privileges for obtaining price discounts. Refer 
@ Low power consumption: 3mW to price list. 
@ Internal frequency compensation. @ Available in metal can, hermetic dual-in-line or 
© Offset nulling provisions. hermetic flat packages. 


FUNCTIONAL DESCRIPTION 
The Am112/212/312 are compensated high-performance 


FUNCTIONAL DIAGRAM 


Overcompensation 


operational amplifiers featuring very low offset voltage and 
input current errors competitive with FET and chopper- 
stabilized amplifiers. The devices will operate over a supply 
voltage range of t2V to +20V, drawing a typical quiescent 


vt v7 COMPENSATION for Greater 
° Stability Margin 


INVERTING 
INPUT 
o—— 


current of only 300uA. The Am112/212/312 are internally Ta Coren 
frequency compensated and provision is made for offset INPUT 
adjustment with a single potentiometer. Overcompensation 

providing a greater stability margin is possible and the 

internal protection of the MOS capacitor makes it immune 

to overvoltage transients. 


OUTPUT 
O 





Cg = 1000pF 


5 
OFFSET NULL il 


LIC-685 LIC-686 


TYPICAL APPLICATIONS 
Connection of input guards and offset null 


(- 
CT 
OUTPUT OUTPUT 
: a 
wy, 


LIC-687 LIC-688 Ovt LIC-689 
INVERTING AMPLIFIER FOLLOWER NON-INVERTING AMPLIFIER 


R,R 


R,t+R 


*Use to compensate for large source resistances. Must be LOW impedance 


2 


CONNECTION DIAGRAMS 
Top Views 


ORDERING INFORMATION 


Metal Can 


BALANCE 
Lo 
e, 


INVERTING is ea OUTPUT 
NON-INVERTING cI 
INPUT NON-INVERTING Q CS COMPENSATION 
INPUT O 


NOTES: 

(1) On metal can, pin 4 is 
connected to case. 

(2) On DIP, pin 7 is connected 
to bottom of package. 

(3) On flat package, pin 6 is 
connected to bottom of 
package. Compensation 
terminal is not brought 

LIC-690 out on the flat package. 


Part Package Temperature Order Dual-In-Line 


Number Type Range Number 
DIP 0°C to +70°C LM312D 


Am312 Metal Can 0°C to +70°C LM312H 
Dice 0°C to +70°C LD312 





DIP —25°C to +85°C + LM212D 
Metal Can —25°C to+85°C LM212 
Flat Pak 25°C to +85°C ~=9LM212F 


DIP —55°C to +125°C ~=LM112D 
Metal Can —55°C to+125°€ LM112 
Flat Pak 55°C to +125°C LM112F 
Dice —55°C to+125°C ~=LD112 INVERTING 


NON-INVERTING p—4 
INPUT 
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MAXIMUM RATINGS 


Supply Voltage 
Ami12, 212 
Am312 





Internal Power Dissipation (Note 1) 








Differential Input Current (Note 2) 





Input Voltage (Note 3) 














Output Short-Circuit Duration 





Operating Temperature Range 
Ami12 
Am212 
Am312 


Am112/212/312 


+20V 
+18V 





500 mW 





+10mMA 





+15V 








Indefinite 


—55°C to +125°C 
—25°C to +85°C 
0°C to +70°C 








Storage Temperature Range 








Lead Temperature (Soldering, 60 sec.) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) (Note 4) 


Parameter 
(see definitions) 


Input Offset Voltage 


Conditions 


Am312 


Min. 


Max. 








Input Offset Current 


Input Bias Current 
Input Resistance 


Supply Current 





Vout = +#10V, Vg =+15V 


7.5 


Am112 
Am212 





1 
ee 






































—65°C to +150°C 





300°C 
Max. Units 
<r ee sf 
2.0 mV 
0.2 nA 
2.0 nA 






































Large Signal Voltage Gain RL > 10ka 50 V/mvV 
The Following Specifications Apply Over The Operating Temperature Ranges 
Input Offset Voltage 10 3.0 mV 
Sen a : | wre 
Input Offset Current 1.5 0.4 nA 
Average Temperature Coefficient [ 40 25 pAPC 
of Input Offset Current 
Input Bias Current 10 3.0 nA 
Supply Current Ta =+125°C 0.4 mA 
Large Signal Voltage Gain Sea voean 15 25 VimV 
Output Voltage Swing Vg =+t15V, RL = 10k2 +13 £13 Vv 
Input Voltage Range Vs =+15V +13.5 +13.5 V 
Common Mode Rejection Ratio 85 dB 
80 dB 














Notes: 1. 











tion at ambient temperatures above 95°C, and the Flat Package at 5.4 mw/C for operation at ambient temperatures above 57°C. 
2. The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will! flow if a differential input voltage in 
excess of 1 V is applied between the inputs unless some limiting resistance is used. 
3. For supply voltages less than +15 V, the maximum input voltage is equal to the supply voltage. 
4, Unless otherwise specified, these specifications apply for supply voltages from +5 V to +20 V for the Am112, Am212 ang from +5 Vto 415 V 


for the Am312., 





Derate Metal Can package at 6.8 mw/C for operation at ambient temperatures above 75°C and the Dual-In-Line package at 9 mw/°C for opera- 








Am112/212/312 


INPUT CURRENT—nA 


INPUT NOISE—nV/VHz 


VOLTAGE GAIN-dB 


OUTPUT SWING—+V 


Input Currents 












































-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE-°C 


Input Noise Voltage 













































































1k 
FREQUENCY—Hz 


Voltage Gain 
































10 15 
SUPPLY VOLTAGE-—:V 


Large Signal Frequency 
Response 






















































































1k 
FREQUENCY—Hz 


TYPICAL PERFORMANCE CURVES 


SUPPLY REJECTION-—d3 DRIFT ERROR—yV/PC 


OUTPUT SWING — +V 


VOLTAGE SWING-V 


Maximum Drift Error 























112: -55°C <Ta < 125°C 
212: -25°C <T, <85°C 
312: 0°C <Tp < 70°C 











INPUT RESISTANCE-2 


Power Supply Rejection 








FREQUENCY—Hz 


Output Swing 

















OUTPUT aneearsel 


Voltage Follower Pulse 
Response 

















200 300 
TIME-ys 
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SUPPLY CURRENT—uA OUTPUT IMPEDANCE-22 EQUIVALENT INPUT OFFSET VOLTAGE—mV 


VOLTAGE GAIN—dB 


Maximum Offset Error 






























































: ~55°C <Ta <128°C—4 
> 28°C <Ta <85°C | 
:0°C<Ta <70°C 

















1M 10M 
INPUT RESISTANCE-—2 


Closed Loop 
Output Impedance 














Ta = 25°C 
Vg.= S15V 
lout =41mA 


ik 10k 100k 1M 10M 
FREQUENCY—Hz 











Supply Current 























10 15 
SUPPLY VOLTAGE-+V 


Open Loop Frequency 
Response 




















o OV1 ASVHd 





























10 100 tk 10k 100k 1M 


FREQUENCY—Hz 
LIC-691 





Am112/212/312 


ADDITIONAL APPLICATION INFORMATION 
GUARDING 


Extra care must be taken in the assembly of printed circuit boards to take full advantage of the Jow input currents of the 112 amplifier. 
Boards must be thoroughly cleaned with TCE or alcohol and blown dry with compressed air. After cleaning, the boards should be 
coated with epoxy or silicone rubber to prevent contamination. 

Even with properly cleaned and coated boards, leakage currents may cause trouble at 125°C, particularly since the input pins are 
adjacent to pins that are at supply potentials. This leakage can be significantly reduced by using guarding to lower the voltage difference 
between the inputs and adjacent metal runs. Input guarding of the 8-lead TO-99 package is accomplished by using a 10-lead pin circle, 
with the leads of the device formed so that the holes adjacent to the inputs are empty when it is inserted in the board. The guard, which 
is a conductive ring surrounding the inputs, is connected to a low-impedance point that is at approximately the same voltage as the 
inputs. Leakage currents from high-voltage pins are then absorbed by the guard. 


The pin configuration of the dual-in-line package is designed to facilitate guarding, since the pins adjacent to the inputs are not used 
(this is different from the standard Am741 and Am101A pin configuration.) 


COMPENSATION 


V+ 


OUTPUT mm 
6 


5 
4 


4 


GUARD 


BOTTOM VIEW 


Note: Board layout for input Guarding with TO-99 package. 


Metallization and Pad Layout 





NULL 
INPUT(-) 


INPUT (+) 











62 x 72 Mils 
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Amt118/218/318 


High-Speed Operational Amplifier 





Distinctive Characteristics 


e The Am118/218/318 are functionally, electrically, 


and pin-for-pin equivalent to the National 
LM118/218/318 

Slew rate: 7OV/us 

Small signal bandwidth: 15MHz 

Internal frequency compensation 

Supply voltage range: +5V to +20V 


FUNCTIONAL DESCRIPTION 


The Am118/218/318 are internally compensated high- 
speed operational amplifiers featuring minimum slew rate 
of 50V/us, low input bias currents, large input voltage 
range and excellent performance over a wide range of 
supply voltages and temperature. They have provision for 
increased speeds when operating in the inverting mode. 


TYPICAL APPLICATIONS 
Fast Sample and Hold 


10pF 


e 100% reliability assurance testing 
with MIL-STD-883. 


in compliance 


e Electrically tested and optically inspected dice for 
hybrid manufacturers. 

e Available in metal can, hermetic dual-in-line, hermetic 
flat package or plastic minidip. 


FUNCTIONAL DIAGRAM 


vt v7 COMPENSATION 
INVERTING INPUT © 


NON-INVERTING INPUT O 


BALANCE/COMPENSATION LIC-692 


CONNECTION DIAGRAMS 
Top Views 


Dual-In-Line Dual-In-Line 


COMP. A/BALANCE 
INVERTING INPUT 


NON-INVERTING (NPUT 
ve 
NC 


OUTPUT 
COMP. B‘BALANCE 
NC 


2N4193 


SAMPLE 
LIC-693 


ORDERING INFORMATION 


Part Package 
Number Type 


Metal Can 
DIP 
Flat Package 
Molded DIP 
Dice 
Metal Can 
DIP 
Flat Pak 


Metal Can 
DIP 
Flat Package 
Dice 


Temperature 
Range 
0°C to +70°C 
O°C to +70°C . 
0°C to +70°C 


0°C to +70°C 
0°C to +70°C 


—25°C to +85°C 
—~25°C to +85°C 
—25°C to +85°C 


—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


Order 
Number 


LM318H 
LM318D 
LM318F 
LM318N 
LD318 


LM218H 
LM218D 
LM218F 


LM118H 
LM118D 
LM118F 
LD118 


Flat Package 


[——] COMP. B/BALANCE 


Metal Can 


cOMP.c 
COMP. A/BALANCE ¢¥ Ov 
INVERTING 
ner (i O ouTPuT 
NON—INVERTING 
INPUT Q 5 O come. 


B/BALANCE 





LIC-694 


Notes: 1. On Metal Can, pin 4 is connected to case. 
2. On DIP, pin 6 is connected to bottom of package. 
3. On Flat Package, pin 5 is connected to bottom of package. 
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Am118/218/318 
MAXIMUM RATINGS 















































Supply Voltage . +20V 
Internal Power Dissipation (Note 1) 500 mW 
Differential Input Voltage (Note 2) +5V 
Input Voltage (Note 3) ; +15V 
Output Short-Circuit Duration Indefinite 
Operating Temperature Range 

Am118 —55°C to +125°C 

Am218 —25°C to +85°C 

Am318 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise specified) (Note 4) Am118 
Parameter Am318 Am218 
(see definitions) Conditions Min. Typ. Max. Min. Typ. Max. Units 

Input Offset Voltage Rg < 5kQ 2 4 mV 

Input Offset Current 6 50 nA 

Input Bias Current 120 250 nA 

Input Resistance 1.0 3 MQ 





Vg = £15V, Voyy = £10V 


Large Signal Voltage Gain Ry > 2k2 


25 200 50 200 Vimv 





Ay =+1, Ve = £15V (Fig.1) 
Vv Ss 50 7 
R 2k2, c 30 pF 50 70 f¢) V/ps 


The Following Specifications Apply Over The Operating Temperature Ranges 


Slew Rate 





























Input Offset Voltage Rg < 5kQ 15 6 mV 

Input Offset Current 300 100 nA 

Input Bias Current 750 500 nA 
au i 
















Vs =+15V, Vout = +10V 


Large Signal Voltage Gain : Ry > 2k2 20 25 V/mV 



































Input Voltage Range Vg = 215V +11.5 +11.5 Vv 
| Common Mode Rejection Ratio Rg < 5k2 70 80 dB | 
| Supply Voltage Rejection Ratio | Rg < 5k 65 70 dB 
| Output Voltage Swing Vg = £18V, Ry = 2k +12 +13 £12 £13 v 








Supply Current Vg = £20V, Ta = 125°C 7 mA 


Notes: 1. Derate Metal Can package at 6.8 mw/c for operation at ambient temperatures above 75°C, the Dual-In-Line package at 9 mw/°C for operation 
at ambient temperatures above 95°C, and the Flat Package at 5.4 mw/°C for operation at ambient temperatures above 57°C. 
2. The inputs are shunted with diodes for overvoltage protection. To limit the current in the protection diodes, resistances of 2 k{2 or greater should 
be inserted in series with the input leads for differentia! input voltages greater than +5 V. 
3. For supply voltages less than +15 V, the maximum input voltage is equal to the supply voltage. 
4. Unless otherwise specified, these specifications apply for supply voltages from +5 V to +20 V. 
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Am118/218/318 


INPUT CURRENT — nA COMMON MODE REJECTION RATIO — dB VOLTAGE GAIN’ dB 


UNITY GAIN BANDWIDTH — MHz 


Voltage Gain 






































SUPPLY VOLTAGE — +V 


Common Mode Rejection 


nN 
o 





j=] 
o 





o 
Oo 


fo) 
oO 





L 
oS 


20 

















100 1k 10k =: 100k 1M 10M 
FREQUENCY — Hz 


Input Current 
Am118, Am218 















































0 
—55-35-15 -5 25 45 65 85 105 125 
TEMPERATURE — °C 


Unity Gain Bandwidth 












































—-55 -35~-15 5 25 45 65 85 105 125 
TEMPERATURE — °C 





INPUT CURRENT — nA OUTPUT IMPEDANCE — 2 SUPPLY REJECTION RATIO — dB 


SLEW RATE — V/us 








PERFORMANCE CURVES 


Power Supply Rejection 














100 1k 10k 100k 1M 10M 
FREQUENCY — Hz 


Closed Loop 
Output Impedance 


Vg=215V | 
Tp = 25°C | 





| Ay = 1000 




















10 100 1k 10k 100k 1M 
FREQUENCY — Hz 


Input Current—Am318 


200 
ce er 


0 10 20 30 40 50 60 70 
TEMPERATURE — °C 


























Voltage Follower 
Slew Rate 


95 


90 





85 


80 








75 





70 


65 

















60 
~55 -35-15 5 25 45 65 85 105 125 


TEMPERATURE — °C 
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E 
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Ww 
se) 
[e} 
Zz 
10 100 1k 10k 100k 
FREQUENCY — Hz 
Current Limiting 
ea 
| 
oO 
Z 
= 
n 
b 
=} 
a 
Ee 
= 
o) 
0 5 10 15-2025 
OUTPUT CURRENT — mA 
Supply Current 
t 
— 
| 
= 
Zz 
lu 
x 
ac 
— 
oO 
> 
al 
a 
a 
2 
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SUPPLY VOLTAGE — +V 
Inverter Settling Time 
> 
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Input Noise Voltage 
















































































































































































0.03 0.1 0.3 1 3 
TIME — ps 
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OUTPUT SWING — V 


OUTPUT SWING-—V 


Open Loop 
Frequency Response 


PERFORMANCE CURVES 


Closed Loop 
Frequency Response 


Am118/218/318 


Effect of Capacitive 


Loading on Closed Loop 


Frequency Response 




















PHASE — DEGREES 


























100 1k 10k 100k 1M 
FREQUENCY — Hz 


Large Signal 


Frequency Response 


























NI. 
10M 100M 100 1k 10k 100k 1M 10M 100M 


FREQUENCY — Hz 


Voltage Follower 
Pulse Response 








FREQUENCY — Hz 


Voltage Follower 
Pulse Response Over Temperature 





















































VOLTAGE SWING - V 
VOLTAGE SWING — V 


Ry = 2k 
























































2M 5M 10M 20M 50M 


FREQUENCY — Hz 


Large Signal Frequency 
Response with Feedforward 





TIME — us 


Inverter Pulse 
Response without Feedforward 
16 16 


Cy = 30 
(Fig. 1) 








TIME — ps 


Inverter Pulse 


Response with Feedforward 















































VOLTAGE SWING —V 
VOLTAGE SWING-V 



































10M 30M 


FREQUENCY — Hz 












































100M i 0.8 
TIME — us 


The high gain and large bandwidth of the Am118 make it 
mandatory to observe the following precautions in using the 
device, as is the case with any high-frequency amplifier. Circuit 
layout should be arranged to keep all lead lengths as short as 
possible and the output separated from the inputs. The values 
of the feedback and source impedances should be kept small 
to reduce the effect of stray capacitance at the inputs. The 
power supplies must be bypassed to ground at the supply leads 
of the amplifier with low inductance capacitors. Capacitive 
loading must be kept to minimum, or the amplifier must be 
isolated as shown in the applications. 
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Am118/218/318 


APPLICATIONS 


Voltage Follower 
(Slew Rate Test Circuit) 


SOpF 


Inverter 


5kQ2 


PULSE HEIGHT = *10V 
zopr 4¥ =27¥ 

PULSE HF'GHT = +10V AT IS MEASURED 

PULSE W TH = tus 

RISE TIME <10ns 


LIC-697 Figure 1 Figure 2 LIC-698 


Inverter with Feedforward 


Compensation for 
Compensation for Higher Slew Rate 


Minimum Settling Time 


10 pF 


BALANCE 


LIC-699 Figure 3 Figure 4 HIE 700 


Isolating Large 


Capacitive Loads Over Compensation 


200k 22 


LIC-701 


Figure 5 Figure 6 LiC-702 Figure 7 Heise 


D/A Converter 


D/A Converter 
with Ladder Network 


with Binary Network 


5pF 5pF 


FROM SWITCHES FROM SWITCHES 


LIC-704 Figure 8 





Figure 9 bien 
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Am118/218/318 


ADDITIONAL APPLICATIONS 


High Speed Summing Amplifier 
with Low Input Bias Currents Wien Bridge Oscillator 


Re 7502 





100k 22 


Li—10V-14mA 
BALANCE bulb ELDEMA 1869 
R1= Ro 
C1 =Co2 
1 


= DaRICl 


Figure 10 Figure 11 


LIC-706 LIC-707 





Metallization and Pad Layout 


OUTPUT 








COMP C 


BAL/COMP A 





INPUT— 





INPUT+ 


64 X 86 Mils 





6-35 


Am124/224/324 
Am124A/224A/324A 


Quad Op Amps 





Distinctive Characteristics @ Wide power supply range: 


@ In the linear mode the input common-mode voltage Single supply — 3V to 30V 


range includes ground and the output voltage can also 
swing to ground, even though operated from only a 
single power supply voltage. 

The unity gain cross frequency is temperature 
compensated 

The input bias current is also temperature 
compensated 

Internally frequency compensated for unity gain 
Large de voltage gain — 100dB 

Wide bandwidth (unity gain) — 1MHz 

(temperature compensated) 


FUNCTIONAL DESCRIPTION 


The Am124 series consists of four independent, high gain, 
internally frequency compensated operational amplifiers 
designed primarily to operate from a single power supply over 
‘a wide range of voltages. These devices can also operate from 
split power supplies and the low power supply current drain 
is independent of the magnitude of the power supply voltage. 


Functional applications consist of all the conventional op amp 
circuits which can now be more easily implemented in single 
power supply systems along with transducer amplifiers and dc | 
gain blocks. 


ORDERING INFORMATION 


Order 
Number 


Part 
Number 


Temperature 
Range 


Package 
Type 


Am324 


Hermetic DIP 
Molded DIP 
Dice 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


LM324D 
LM324N 
LD324 


—25°C to +85°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


Am224 LM224D 
LM124D 
LM124F 


LM 124 


Hermetic DIP 


Hermetic DIP 
Flat Pack 
Dice 


Am124 


Am324A 


Hermetic DIP 
Molded DIP 
Dice 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


LM324AD 
LM324AN 
LM324A 


—25°C to +85°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


Am224A LM224AD 


LM124AD 
LM124AF 
LD124A 


Hermetic DIP 


Hermetic DIP 
Flat Pack 
Dice 





Am124A 


Dual supplies — +1.5V to +15V 


® Very low supply current drain (800uA) — essentially 


independent of supply voltage (1mW/op amp at +5V) 


Low input biasing current — 45nA 

(temperature compensated) 

Low input offset voltage — 2mV 

and offset current — 5nA 

Input common-mode voltage range includes ground 
Differential input voltage range equal to the power 
supply voltage 


@ Large output voltage swing — OV to Vt —1.5V 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. LIC-708 


SCHEMATIC DIAGRAM (Each Amplifier) 


INPUTS 
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LIC-709 





Am124/224/324 « Am124A/224A/324A 


ELECTRICAL CHARACTERISTICS (V+ = +5.0Vpc, Note 4) 


Parameter 


Am124A Am224A Am324A Am124/Am224 Am324 


Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units. 


Input Offset Voltage 


Ta = 25°C (Note 5) 





Input Bias Current 

































































(Note 6) TiN (+) OF HN(-). TA = 26°C nADC 
Input Offset Current lin(+) — lin (—). Ta = 25°C nAoc 
Input Common-Mode vt =30V = 25° 
Voltage Range (Note 7) pe. Ta abe 0 Voc 
RL ==, Vcc = 30V . 
Supply Current iz cc mApc 
[ RL=@ 
Large Signal Vt = 15Vpg¢ (For large Vo swing) 
Voltage Gain [Re > 2.0k2, Ta = 25°C 25 Viv 
— 
Output Voltage Swing RL =2.0k2,T, = 25°C Voc 
Common-Mode DC, Ta = 25° 6 
Rejection Ratio C.TA = c S aB 
Power Supply =9R° 
Rejection Ratio DC, Ta = 25°C 65 dB 








Amplifier to Amplifier 


f = 1.0kHz to 20kHz, Ta = 25°C 
(Input referred) 








|_ 


ae (Note 8} 


Output Current 


ViINt = 1.0Voc, Vin—- =9Voc, 
V+=15Vpc. Ta = 25°C 


Source 











VIN7 = 1.0Voc. Vint =9VpDc, 
vts 15Voc. Ta = 25°C 











Sink 
Vin~ = 1-0Vpc. Vint =9Vpc. 
Ta= 25°C, Vg = 200mMVpc 





Short Circuit to Ground | T, = 25°C (Note 2) 




















Input Offset Voltage Note 5 

Input Offset 5 

Voltage Drift Rg = 02 

Input Offset Current Tin (4) = Hn (-) 


Input Offset 
Current Drift 


(Input Bias Current Vin (4) OF FIN(-) 40 100 


Input Common-Mode 
L Voltage Range (Note 7) 


Large Signal 
Voltage Gain 


Vt = +30Vpc, RL = 2.0k2 6 
Output Voltage RL > 10k2 
Swing 
VoL Vt =5.0Voc' RL < 10k2 5.0 20 
Vint = 1.0Vpc. Vin~ =9Vp¢e. 
Source V+=15Vp¢ 10 20 


Output Current 











V+ =30Vpo¢ 


V+ = +15Vp¢ (For large Vo swing) 25 
RL > 2.0k2 





= - N 
N ° ° 











“| VIN= = 1.0Vp¢, Vin* = 0Vp¢. 






































N]N 
< 
+ 


Sink | y+=15Vp¢ 10 Woe 
Coe” Input Note 7 vt vt vt | Voc 
Notes: 1. For operating at high temperatures, the Am324 must be derated based on a +1 25°C maximum junction temperature and a thermal resistance of 
175°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The Am224 and Am124 can be derated 
based on a +150°C maximum junction temperature. The dissipation is the total of all four amplifiers — use external resistors, where possible to 
allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 

2. Short circuits from the output to V* can cause excessive heating and eventual destruction. The maximum output current is approximately 40mA 
independent of the magnitude of Vt. At values of supply voltage in excess of +15V, continuous short-circuits can exceed the power dissipation 
ratings and cause eventual destruction. 

3. This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input 
PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN 
Parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the op amps to go to the vt voltage level (or to 
ground for alarge overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish 
when the input voltage, which was negative, again returns to a value greater than —0.3V. 

4. These specifications apply for V* = +5Vpc and —-55°C < Ta <+1 25°C, unless otherwise stated. With the Am224, all temperature specifications 
are limited to -25°C < Ta, < +85°C and the Am324 temperature specifications are limited to O°C < Ta <+70°C, 

5. Vo = 1.4V, Rg = O82 with vt from 5V to 30V; and over the full input common-mode range (OV to V+ —1.5V). 

6. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the 
output so no loading change exists on the input lines. 

7. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the 
common-mode voltage range is vt _4 .5V, but either or both inputs can go to +32V without damage. 

8. Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically 


can be detected as this type of capacitive coupling increases at higher frequencies. 
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Am124/224/324 « Am124A/224A/324A 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
Supply Voltage, V* 
























































32V or t16V 
Differential Input Voltage 32V 
Input Voltage —0.3V to +32V 
Power Dissipation (Note 1) 

Molded DIP 570mW 

Cavity DIP 900mW 

Flat Pak (Am124F) 800mW 
Output Short Circuit to GND (Note 2) 

(One Amplifier) V+ < 15V and T, = 25°C Continuous 
Input Current (Vin) <—O.3Vo_) (Note 3) 50mA 
Operating Temperature Range 

Am324/Am324A 0°C to +70°C 

Am224/Am224A —25°C to +85°C 

Am124/Am124A —55°C to +125°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 


TYPICAL PERFORMANCE CURVES 


Input Voltage Range 











+Viny — INPUT VOLTAGE — #V 





10 15 
v* OR V~ — POWER SUPPLY VOLTAGE — +V 


Supply Current 











Ip — SUPPLY CURRENT DRAIN — mA 


vt — SUPPLY waleece Vv 
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1g — INPUT CURRENT — nA 


Ayo — VOLTAGE GAIN — dB 


Input Current 























0 
-65-35-15 5 25 45 65 85 105 125 
T, — TEMPERATURE — °C 


Voltage Gain 






































10 20 30 
vt — SUPPLY VOLTAGE —- V 


LIC-710 





Avot ~ VOLTAGE GAIN — dB 
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| 
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Am124/224/324 « Am124A/224A/324A 


TYPICAL PERFORMANCE CURVES (Cont.) 


Open Loop Common-Mode Voltage Follower 
Frequency Response Rejection Ratio Pulse Response 
Vv? =30V AND PUTT UE EEL Ry > 2.0k2 
7 <T, <+125°C iinet nn vt=18V 











Vo — OUTPUT 
VOLTAGE — V 




















CMRR — COMMON-MODE 
REJECTION RATIO — dB 























Vin — INPUT 
VOLTAGE — V 


0 
10 100 1k 10k 100k 1M 10M : 20 30 
f — FREQUENCY — Hz f — FREQUENCY — Hz t— TIME — us 


Voltage Follower Pulse Large Signal Output Characteristics 
Response (Small! Signal) Frequency Response Current Sourcing 


Tp = #26°C INDEPENDENT OF v* 
vt =430V Ly ae 





Va — OUTPUT VOLTAGE 


Vg — OUTPUT SWING ~ V,, 
REFERENCED TO V* —V 











J 
eed 


1 
0.001 0.01 0.1 1.0 10 


t— TIME — us f — FREQUENCY — Hz Iq” — OUTPUT SOURCE CURRENT — mA 
























































ae 





Output Characteristics 
Current Sinking Current Limiting 












































Vg — OUTPUT VOLTAGE — V 























lot — OUTPUT CURRENT — mA 





























0.01 ie) 
0.001 0.01 0.1 1.0 10 —-55-35-15 5 25 45 65 85 105 125 


Iq — OUTPUT SINK CURRENT — mA Ty, — TEMPERATURE — °C 


LIC-711 
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Am124/224/324 « Am124A/224A/324A 


Metallization and Pad Layout 


OUTPUT 1 


OUTPUT 4 





INPUT 1— ——# 
INPUT 1+ _ ii 1 


yr 


INPUT 2+ “Te pLey 
input 2- ——{ fig 








4 


a 


GND 
INPUT 3+ 


i 
=— INPUT 3— 








OUTPUT 2 


OUTPUT 3 


58 x 63 MILS 


APPLICATION INFORMATION 


The Am124 series are op amps primarily operating from a 
single power supply voltage and have true-differential inputs 
remaining in the linear mode with an input common-mode 
voltage of OV. These amplifiers operate over a wide range of 
power supply voltage with little change in performance charac- 
teristics. The bias network of the amplifier establishes a drain 
current independent of the magnitude of the power supply 
voltage over the range of from 3V to 30V. 


The pin configuration is designed to simplify PC board layouts. 
Since the amplifier outputs are placed at the corners of the 
package (pins 1, 7, 8, and 14) and are adjacent to the inverting 
inputs. 


Extra care should be taken to insure that the power for the 
circuit never becomes reversed in polarity or that the unit is 
not inadvertently installed backwards in a test socket. This 
prevents a possible fusing of the internal conductors and 
becoming a destroyed unit which could occur from the unlim- 
ited current surge through the resulting forward diode within 
the IC. 


The use of input differential voltage protection diodes is not 
needed since large differential voltages can be readily applied 
resulting in no large input currents. The differential input 
voltage may be larger than Vt without damaging the device. 
Protection, such as an input clamp diode with a resistor to 
the IC input terminal, should be provided to prevent the input 
voltages from going negative more than —0.3V (at 25°C). 


The amplifiers contain a class A output stage for small signal 
levels which converts to class B in a large signal mode, to 
reduce the power supply current drain. Since this allows the 
amplifiers to both source and sink large output currents, both 
NPN and PNP external current boost transistors can be used to 
extend the power capability of the basic amplifiers. The 
output voltage needs to rise approximately 1 diode drop above 
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ground to bias the on-chip vertical PNP transistor for output 
current sinking applications. 


For AC coupled applications crossover distortion can be 
minimized by utilizing a resistor from the output of the 
amplifier to ground. However, in DC applications, where the 
load is directly coupled, there is no crossover distortion. 


To maintain resistance to destruction, output short circuits 
either to ground or to the positive power supply should be 
restricted to short time durations. The possibility of destruc- 
tion exists, not as a result of the short circuit current metal 
fusing, but rather due to the large increase in IC chip dissipa- 
tion which will cause eventual failure due to excessive junction 
temperatures. Putting direct short circuits on more than one 
amplifier at a time increases the total IC power dissipation to 
destructive levels, if not properly protected with external 
dissipation limiting resistors in series with the output leads of 
the amplifiers. The larger value of output source current which 
is available at 25°C provides a larger output current capability 
at elevated temperatures (see section on typical performance 
characteristics) than a standard IC op amp. 


Capacitive loads which are applied directly to the output of 
the amplifier reduce the loop stability margin. Values of 50pF 
can be accomodated using the worst case noninverting unity 
gain connection. Large closed loop gains or resistive isolation 
should be used if larger load capacitance must be driven by 
the amplifier. 


The series, as presented in the section on typical applications, 
emphasize operations on only a single power supply voltage. 
Yet, if complementary power supplies are available, all of 
the standard op amp circuits can be implemented. A unique 
feature in introducing a pseudo-ground (a bias voltage reference 
of V+/2) is allowing operation above and below this value in 
single power supply systems. In most cases, input biasing is 
not required and input voltages which range to ground can be 
easily accomodated. 


Am148 -Am149 


Quad 741 Operational Amplifiers 


Distinctive Characteristics 


741 op amp operating characteristics 

Low supply current drain — 0.6mA/amplifier 
Class AB output state — no crossover distortion 
Pin compatible with the Am124 

Low input offset voltage — 1.0mV 

Low input offset current — 4.0nA 





@ Low input bias current — 30nA 
® Gain bandwidth product 
Am148 (unity gain) — 1.0MHz 
Am149 (Ay = 5) — 4.0MHz 
@ High degree of isolation between amplifiers — 120dB 
® Overload protection for inputs and outputs 


FUNCTIONAL DESCRIPTION 


The Am148 series is a true quad 741. It consists of four 
independent, high gain, internally compensated, low-power 
operational amplifiers which have been designed to provide 
functional characteristics identical to those of the familiar 
741 operational amplifier. In addition the total supply current 
for all four amplifiers is comparable to the supply current of a 
single 741 type op amp. Other features include input offset 
currents and input bias current which are much less than those 
of a standard 741. Also, excellent isolation between amplifiers 


has been achieved by independently biasing each amplifier and 
using layout techniques which minimize thermal coupling. The 
Am149 series has the same features as the Am148 plus a gain 
bandwidth product of 4.0MHz at again of 5.0 or greater. 


The Am148 can be used anywhere multiple 741 or 1558 type 
amplifiers are being used and in applications where amplifier 
matching or high packing density is required. 


SCHEMATIC DIAGRAM (Each Amplifier) 


*1,0pF on the Am149 


ORDERING INFORMATION 


Part Package Temperature 
Number Type Range Number 
Hermetic DIP 0°C to +70°C LM348D 
Am348 Molded DIP 0°C to +70°C LM348N 
Dice 0°C to +70°C LD348 
Am248 Hermetic DIP —25°C to +85°C LM248D 
Hermetic DIP —55°C to +125°C LM148D 
Dice —55°C to +125°C LD148 
Hermetic DIP 0°C to +70°C LM349D 
Am349 Molded DIP O°C to +70°C LM349N 
Dice O°C to +70°C LD349 
Am249 Hermetic DIP —25°C to +85°C LM249D 
Hermetic DIP —55°C to +125°C LM149D 
Dice —55°C to +125°C LD149 








Am148 














Am149 
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LIC-712 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. LIC-713 











Am148 « Am149 
ABSOLUTE MAXIMUM RATINGS 





























Am148/Am149 Am248/Am249 Am348/Am349 
Supply Voltage +22V +18V +18V 
Differential Input Voltage +44V +36V +36V 
Input Voltage +22V +18V +18V 
Output Short Circuit Duration (Note 1) Continuous Continuous Continuous 
Power Dissipation (Pq at 25°C) and Thermal 
Resistance (0jA), (Note 2) 
Molded DIP (N) — Pg 570mW 500mW 
— OTA 150°C/W 150°C/w 
Cavity DIP (D) (J) — Pg 900mWw 900mW 900mW 
— 9jA 100°C/W 100°C/W 100°C/w 
Maximum Junction Temperature (Tjmax.) 150°C 110°C 100°C 
Operating Temperature Range —-55°C<Tpa <+125°C —25°C <Ta <+85°C O°C< Ta <+70°C 
Storage Temperature Range —65°C to +150°C —65°C to +150°C —65°C to +150°C 
Lead Temperature (Soldering, 60 seconds) 300°C 300°C 300°C 
See Am741 for Typical Performance Characteristics. 
ELECTRICAL CHARACTERISTICS (Note 3) 
Am148/Am149 Am248/Am249 Am348/Am349 

Parameters Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 

Input Offset Voltage Ta = 28°C, Rg < 10k (50 } [10 [60] [10 | mv 
rena ropa ppp wf 

Input Bias Current Ta = 25°C 100 30. | 200°[' |, 30. | n 

— Pee fee fe 


Ta = 25°C, Vg = +15V 
Vout = £10V, RL = 2.0k2 


TA= 25°C, f = 1.0Hz to 20kHz 
(Input Referred) 


Am148 Series 


Large Signal Voltage Gain 


Amplifier to Amplifier 
Coupling 





Small Signal Bandwidth TA= 








Am149 Series 









Am148 Series 


7 





6 


—120 


= 
top) 
Oo 
N 
o 
_ 
oOo 


Vimv 


3 
> >| > 


MHz 















































Output Short Circuit 












































60 
Ay =1 
Phase Margin Ta = 25°C ave —— 
Am149 Series 60 
| (Ay =5) 
Am148 Series 
Slew Rate Ta = 25°C (Ay =1) 
Am149 Series 
(Ay = 5) 


N N ° 
oO ° a 


.degrees 


Qo 
oO 


Vius 


3 













































Ratio 


Supply Voltage Rejection Rg < 10kQ 


Notes: 1. 


~ 
~ 


77 


junction temperature will be exceeded. 








96 


~ 
sw 


Current 
Input Offset Voltage Rs < 10k2 6.0 a 7.5 mV 
Input Offset Current 75 n 
Input Bias Current 325 500 nA 
Large Signal Voltage Gain ea aaeee 25 15 V/mV 
Output Voltage Swing Vs = +15V Bee a2 alte = es 
+10 +12 +10 +12 
Input Voltage Range +12 +12 pol ee 
Common-Mode Rejection 
: je; t= 
[0d oi] 8 la | fos | | 


Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the maximum 


2. The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tjmax.,: Oia. and the ambient 
temperature, Ta. The maximum available power dissipation at any temperature is Py = (Tjmax, — TA)/@ja or the 25 C Pymax,, whichever is less. 


Derate Dual In-Line package at 9mw/C for operation at ambient temperatures above 95°C. 


3. These specifications apply for Vg = +15V and over the absolute maximum operating temperature range (Tr <Ta< T14) unless otherwise noted. 
4. For supply voltages less than +15V, the maximum input voltage is equal to the supply voltage. 
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LF155/LF156/LF157 


Monolithic JFET Input Operational Amplifiers 


DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 


Replace expensive hybrid and module FET op amps These are the first monolithic JFET input operational amphi- 
Rugged JFETs allow blow-out free handling compared with fiers to incorporate well matched, high voltage JFETs on the 
MOSFET input devices same chip with standard bipolar transistors. These amplifiers 
Excellent for low noise applications using either high or low feature low input bias and offset currents, low offset voltage 
source impedance — very low 1/f corner and offset voltage drift, coupled with offset adjust which does 
Offset adjust does not degrade drift or common-mode rejec- not degrade drift or common-mode rejection. The devices are 
tion as in most monolithic amplifiers also designed for high slew rate, wide bandwidth, extremely 
New output stage allows use of large capacitive loads fast settling time, low voltage and current noise and a low 
(10,000pF) without stability problems 1/f noise corner. 


Internal compensation and large differential input voltage The LF155, LF156, LF 157 series are direct replacements for 
capability National LF 155, LF156, LF157 series. 


COMMON FEATURES APPLICATIONS 


(LF155A, LF156A, LF157A) Precision high speed integrators 


Fast D/A and A/D converters 
High impedance buffers 


e 
e 
Low input bias current e 
Low input offset current @ Wideband, low noise, low drift amplifiers 
e 
e 
e 








High input impedance Logarithmic amplifiers 
Photocell amplifiers 
Sample and Hold circuits 





Low input offset voltage 








Low input offset voltage temperature drift 
Low input noise current 0.01pA/J/Hz 
High common-mode rejection ratio ORDERING INFORMATION 
Large dc voltage gain Part Package Temperature Order 
Number Type Range Number 
Metal Can 0°C to +70°C LF355H 
UNCOMMON FEATURES LF355 Molded DIP 0°C to +70°C LF355N 











Dice 0°C to +70°C LD355 
LF157A LF255 Metal Can —25°Cto+85°C  LF255H 
LFISSA  LFIS6A (Ay=5) Units Metal Can —55°Cto+125°C LF155H 
Extremely LF155 Dice —55°Cto+125°C LD155 


fast settling 7 | “pasga Metal Can O°Ct0 #70°C —_LFS55AH 
time to 0.02% reseen Dice OPC to 470°C __—LD3554_ 


' Metal Can —55°C to +125°C LF155AH 
rate 


0 ° 
LFISSA Dice 55°C to +125°C LD155A 
Wide gain 25 Metal Can 0°C to +70°C LF356H 
bandwidth LF356 Molded DIP O°Cto+70°C —LF356N 
20 


Low input Dice O°C to +70°C LD356 
noise voltage rarer aviv He LF256  MetalCan —25°Cto+85°C  LF256H 
LF 156 Metal Can —55°C to +1 25°C LF156H 
Dice —55°C to +125°C LD156 
CONNECTION DIAGRAMS Metal Can 0°C to +70°C LF356AH 
Top Views Brsoee Dice O°Cto +70°C ~—«s LD 356A 


Leisea ‘Metal Can —55°C to +125°C LF156AH 
Mecahtan Dyer inntine Dice -65°C to +125°C ~ LD156A 





Metal Can o°C to +70°C LF357H 
sae, oe LF357 Molded DIP O°C to +70°C_-— LF357N 
Dice OQ Cto +70 C LD357 
J bp eee LF257 MetalCan —25°Cto+85°C  LF257H 
ae. | Lig7 ‘Metal Can” 55°C to +125°C LF 157H 
O BALANCE Dice —55 Cto+125 C LD157 
- Metal Can O’Cto+70°C —_LF357AH 


Dice 0°C to +70°C LD357A 


Metal Can —55°Cto+125°C LF157AH 
Dice —55°C to +125°C LD157A 





LF357A 


Notes: 1. On Dual-In-Line Pin 1 is marked for orientation. LF157A 
2. On Metal Can Pin 4 is connected to case. Lic-714 
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LF155/LF156/LF157 


SIMPLIFIED SCHEMATIC 


C = 2pF on LF157 Lic-718 


DETAILED SCHEMATIC 


*C = 2pF on LF157 
LIC-716 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 
Power Dissipation (Note 1) TO-99 (H Package) 
Operating Temperature Range 


TJ(Max.) 
Differential Input Voltage 




















Input Voltage Range (Note 2) 
Output Short Circuit Duration 
Storage Temperature Range 











Lead Temperature (Soldering, 10 seconds) 


LF155/LF156/LF157 


























ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Note 3) 


DC CHARACTERISTICS 


Parameters Description 








AVos/AT 


ATC/AVos 


Average TC of Input Offset Voltage 








Input Offset Current 


Input Bias Current 





Large Signal Voltage Gain 





Output Voltage Swing 





LF355A/6A/7A 
LF155A/6A/7A LF155/6/7 LF255/6/7 LF355/6/7 
+22V +22V +22V +18V 
670mW 670mW 570mW 500mW 
—55°Cto+125°C —55°Cto+125°C —~25°C to +85°C 0°C to +70°C 
150°C 150°C 115°C 100°C 
+40V +40V +40V +30V 
+20V +20V +20V +16V 
Continous Continuous Continuous Continuous 
—65°C to +150°C  -65°Ctot+150°C —-65°Cto+150°C  -—65°Cto+150°C 
300°C 300°C 300°C 300°C 
LF155A/6A/7A LF355A/6A/7A 
Test Conditions Min. Typ. Max. Min. Typ. Max. Units 


Rs = 502 























Change in Average TC with Vgs Adjust 














Rg = 502, (Note 4) 








Ty < THIGH 


v, ' Bal Rs = 502, Ta = 25°C 
ut set Voltage 
os ae : Over Temperature 
Ip 


Ty < THIGH 


Input Resistance Ty = 25°C 


Vg = 15V, Ta = 25°C 50 
Vo = +10V, RL = 2k2 
Over Temperature 


Vg = +15V, Ry = 10k2 


Vg = £15V, RL = 2kQ 








Ty = 25°C, (Note 3, 5) 


Ty = 25°C, (Notes 3, 5) 








input Common-Mode Voltage Range 





Vs = +15V 
























Common-Mode Rejection Ratio 


| PSRR | Supply Voltage Rejection Ratio 








(Note 6) 
































ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


AC CHARACTERISTICS (Ta = 25°C, Vs = +15V) 


Parameters Description 


Slew Rate 


Test Conditions 
LF1I55A/6A: Ay = 1 


LF155A/355A 
Typ. Max. 


Min. 


Min. Typ. 


LF156A/356A 


Max. 





LF157A: Ay=5 








Gain-Bandwidth 
Product 








Baca aes Rs = 1002 
t 

va nput Noise f= 100Hz 

oltage 


f = 1000Hz 





Current f = 1000Hz 





Input Capacitance 


3.0 5.0 
2.5 
Settling Time to 0.01% | (Note 7) 4.0 


20 
Equivalent Input Noise | f = 100Hz 0.01 








LF157A/357A 


Units 


























0.01 








3.0 
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LF155/LF156/LF157 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


DC CHARACTERISTICS (Note 3) 
LF155/6/7 LF255/6/7 LF355/6/7 
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 


Rs = 502, Ta = 25°C 
Vos Input Offset Voltage 
Over Temperature 
Average TC of Input i 
AV AT Rs = 502 
Offset Voltage 
Change in Average TC _ 
ATC/AVos with Vgg Adjust Rg = 502, (Note 4) 


Ty = 25°C, (Notes 3,5 
Input Offset Current 


TJ < THIGH 


: Ty = 25°C, (Notes 3, 5) 
Input Bias Current 
Ty S THIGH 
; Rin | Input Resistance Ty = 25°C 


Vs = £15V, Ta = 25°C 
Vo = #10V, Ry = 2kQ 
Over Temperature 
Vs = #15V, RL = 10k2 
Vs = +15V, Ry = 2k2 


= 
w 


° ised 
a °o 


w w 
° ° 
wo w 
° o 
N 
o|N 
ol1o 





NO 
on 

















DC CHARACTERISTICS (Ta = 25°C, Vs = +15V) 


LF155A/355A LF156A LF157A 
LF155/255 LF355 LF156/256 LF356A/356 LF157/257 LF357A/357 
Parameters Typ. Max. Typ. Typ. Max. Typ. Max. Typ. Max. Typ. Max. Units 


Max. 
[ suppiy curren] 20 | 40 [| 20 | 40 | 80 ] 70 | 80 | 1 | so | 70 | 50 | 10 | ma 





AC CHARACTERISTICS (Ta = 25°C, Vs = +15V) 


LF155/255/ LF156/256/ LF157/257 
LF355 LF 156/256 LF356 LF157/257 LF357 
Parameters Description Test Conditions Typ. Min. Typ. Min. Typ. Units 


: LF155/6: Ay = 1, 
Se LFI87: Ay=5 


Gain-Bandwidth 
Product 


Settling Time fo 0.01% (Note 7) 


. ; Rg = 1002 
Equivalent Input Noise 
f = 100Hz 
Voltage 
f = 1000Hz 

















Equivalent Input f = 100Hz 
Noise Current f = 1000Hz 


Notes: 1. The TO-99 package must be derated based on a thermal resistance of 150°C/W junction to ambient or 45°C/W junction to case; for the DIP 
package, the device must be derated based on thermal resistance of 175°C/W junction to ambient. 

2. Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voitage. 

3. These specifications apply for +15V < Vg <+20V, —55°C <T, <+4125°C and THIGH = +125°C unless otherwise stated for the LF155A/6A/7A 
and the LF155/6/7. For the LF255/6/7, these specifications apply for +15V < Vg < +20V, —25°C < Ta Ss +85°C and THIGH = 85°C unless 
otherwise stated. For the LF355A/6A/7A, these specifications apply for +15V <Vg < #20V, O°C < Ty <+70°C and THIGH = +70°C, and for 
the LF355/6/7 these specifications apply for Vg = $15V and o’c< Ta < +70°C. Vos. |g and log are measured at Voy = 0. 

4. The Temperature Coefficient of the adjusted input offset voltage changes only a small amount (0.5uV/°C) typically) for each mV of adjustment 
from its original unadjusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset adjustment. 

5. The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature Tj. Due to 
limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temp- 
erature rises above the ambient temperature as a result of internal power dissipation, Pd. T= Tat OjaPd where Oia is the thermal resistance 
from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum. 

6. Supply Voltage Rejection is measured for both’ supply magnitudes increasing or decreasing simultaneously, in accordance with common practice. 

7. Settling time is defined here, for a unity gain inverter connection using 2 k{© resistors for the LF155/6. It is the time required for the error vol- 
tage (the voltage at the inverting input pin on the amplifier) to settle to within 0.01% of its final value from the time a 10V step input is applied 
to the inverter. For the LF157, Ay = —5, the feedback resistor from output to input is 2kQ and the output step is 10V (See Settling Time Test 
Circuit, page 9). 
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LF155/LF156/LF157 


TYPICAL DC PERFORMANCE CHARACTERISTICS 


Input Bias Current Input Bias Current Input Bias Current 


Vg = #15V LF 156/157 
Ta = 25°C 7—]— FREE AIR 
RL = 50k | 

















LF156/157 
WITH 
NK 














INPUT BIAS CURRENT — pA 
INPUT BIAS CURRENT — pA 
INPUT BIAS CURRENT — pA 






































95 125 : 65. 95 125 
AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C COMMON MODE VOLTAGE — V 


Voltage Swing Supply Current Supply Current 


LF 156/157 





w 
oO 




















nN 
o 

















Co 





SUPPLY CURRENT — mA 
SUPPLY CURRENT — mA 















































PEAK TO PEAK OUTPUT SWING — V 


10 16 15 
SUPPLY VOLTAGE — +V SUPPLY VOLTAGE — +V SUPPLY VOLTAGE — +V 


Positive Common-Mode Input 
Negative Current Limit Positive Current Limit Voltage Limit 












































NEGATIVE OUTPUT 
VOLTAGE SWING — V 
POSITIVE OUTPUT 
VOLTAGE SWING — V 




















POSITIVE COMMON MODE 
INPUT VOLTAGE LIMIT — V 














—55°C <T, < 125°C 

















0 | 
5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 40 10 15 


OUTPUT SINK CURRENT — mA OUTPUT SOURCE CURRENT — mA POSITIVE SUPPLY VOLTS — V 


Negative Common-Mode Input 
Voltage Limit Open Loop Voltage Gain Output Voltage Swing 
















































































NEGATIVE COMMON MODE 


























(NPUT VOLTAGE LIMIT — V 
OPEN LOOP VOLTAGE GAIN —V 
PEAK TO PEAK OUTPUT SWING — V 























—15 —20 1 
NEGATIVE SUPPLY VOLTS — V SUPPLY VOLTAGE — +V OUTPUT LOAD R,; — ki 


LIC-717 
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LF155/LF156/LF157 


TYPICAL AC PERFORMANCE CHARACTERISTICS 


Gain Bandwidth Normalized Slew Rate 
1.8 
1.6 











1.4 














1.2 





1.0 


rf ea been 


0.6 


























GAIN BANDWIDTH — MHz 


LF157 CURVES 0.4 
IDENTICAL BUT SN a5 Vg = #15V 




















UNITY GAIN BANDWIDTH — MHz 















































1 0 
-§5 -35-15 5 25 45 65 85 105 125 —65 -35-15 5 25 45 65 85 105 125 —55 -35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C TEMPERATURE — °C 
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PEAK TO PEAK 
OUTPUT VOLTAGE SWING — V 


COMMON MODE REJECTION RATIO — dB 


OUTPUT IMPEDANCE — Q 


TYPICAL AC PERFORMANCE CHARACTERISTICS (Cont.) 


Bode Plot 
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LF155/LF156/LF157 


Bode Plot 
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LF155/LF156/LF157 


APPLICATION HINTS 


The LF155/6/7 series are op amps with JFET input devices. 
These JFETs have large reverse breakdown voltages from gate 
to source and drain eliminating the need for clamps across the 
inputs. Therefore large differential input voltages can easily 
be accomodated without a large increase in input current. The 
maximum differential input voltage is independent of the 
supply voltages. However, neither of the input voltages should 
be allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed unit. 


Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to the output and force the 
amplifier output to the corresponding high or low state. Ex- 
ceeding the negative common-mode limit on both inputs will 
force the amplifier output to a high state. In neither case 
does a latch occur since raising the input back within the 
common-mode range again puts the input stage and thus the 
amplifier in a normal operating mode. 


Exceeding the positive common-mode limit on a single input 
will not change the phase of the output however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 


These amplifiers will operate with the common-mode input 
voltage equal to the positive supply. In fact, the common- 
mode voltage can exceed the positive supply by approximately 
100 mV independent of supply voltage and over the full oper- 
ating temperature range. The positive supply can therefore be 
used as a reference on an input as, for example, in a supply 
current monitor and/or limiter. 


Precautions should be taken to ensure that the power supply 
for the integrated circuit never becomes reversed in polarity or 
that the unit is not inadvertently installed backwards in a 
socket as an unlimited current surge through the resulting for- 
ward diode within the IC could cause fusing of the internal 
conductors and result in a destroyed unit. 


Because these amplifiers are JFET rather than MOSFET input 
op amps they do not require special handling. 


All of the bias currents in these amplifiers are set by FET cur- 
rent sources. The drain currents for the amplifiers are there- 
fore essentially independent of supply voltage. 


As with most amplifiers, care should be taken with lead dress, 
component placement and supply decoupling in order to en- 
sure stability. For example, resistors from the output to an 
input should be placed with the body close to the input to 
minimize “‘pickup’’ and maximize the frequency of the feed- 
back pole by minimizing the capacitance from the input to 
ground. 


A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capacitance 
from the input of the device (usually the inverting input) to 
ac ground set the frequency of the pole. In many instances 
the frequency of this pole is much greater than the expected 
3 dB frequency of the closed loop gain and consequently 
there is negligible effect on stability margin. However, if the 
feedback pole is less than approximately six times the ex- 
pected 3 dB frequency a lead capacitor should be placed from 
the output to the input of the op amp. The value of the 
added capacitor should be such that the RC time constant of 
this capacitor and the resistance it parallels is greater than or 
equal to the original feedback pole time constant. 


TYPICAL CIRCUIT CONNECTIONS AND PAD LAYOUT 


Vos Adjustment 


O vt 


Driving Capacitive Loads 


§.0k2 


-2.0V VIN 
*R =5.0k2 (LF 155/156) 
*R = 1.25k2 (LF157) 


LIC-720 


Due to a unique output stage design these amplifiers 
have the ability to drive large capacitive loads and still 


Vos is adjusted with a 25k 
potentiometer. 

The potentiometer wiper is 
connected to Vt 


maintain stability. 

Cy Max. 2 0.01 uF 
Overshoot < 20% 
Settling time (t,) 2 5.0us 


A Large Power BW Amplifier (LF157) 


10k&e 


For distortion < 71% NON- 
and a 20Vp-p VoUT INPUT 


Settling Time Test Circuit 


2.0k2, 0.1% 


2.0k22, 0.1% 
*40022, 0.1% 


+10V — 

Ov _| 
5.0k2, 0.1% 
*1.0k2, 0.1% 


TO CRO 
PHANTOM (USE LOW 
SUMMING NODE CAPACITANCE PROBE) LIC-722 


Settling time is tested with the LF 155/156 connected as 
unity gain converter and LF 157 connected for Ay = —5.0 
Output = 10V step 

*Ay = —5.0 for LF157 


Metallization and Pad Layout 


BALANCE 





INVERTING 
INPUT 





INVERTING OUTPUT 


swing, power band- 
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width is: 500kHz. 


BALANCE 


75 x 45 Mils 





Am216/316-Am216A/316A 


Compensated 


, High-Performance Operational Amplifier 





Distinctive Characteristics 


@ The Am216/Am216A/Am316/Am316A are function- 
ally, electrically, and pin-for-pin equivalent to the 
National LM216/LM216A/LM316/LM316A. 


Low input bias currents: 5OpA 
Low input offset currents: 15pA 
Low power consumption: 3mW 
Internal frequency compensation 
Offset nulling provisions 


FUNCTIONAL DESCRIPTION 
The Am216/Am216A/Am316/Am316A 


high performance operational amplifiers featuring extreme- 


MIL-STD-883. 


blers of hybrid products. 


@ 100% reliability assurance testing in compliance with 


@ Electrically and optically inspected dice for assem- 


@ Available in metal can, hermetic dual-in-line and flat 


packages. 


FUNCTIONAL DIAGRAM 


are compensated 


vt v7 COMPENSATION 
O O 


ly low input-current errors. High input impedance achieved 


using supergain transistors in a Darlington input stage 
produces input bias currents that are equal to high quality 
These devices are internally frequency 


FET amplifiers. 
compensated and provision is made for 
with a single potentiometer. 


Inverting Amplifier 


*Use to compensate for large source resistances. 
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ORDERING INFORMATION 


Part 
Number 


Package 
Type 


Temperature 
Range 


INVERTING 
INPUT 


OUTPUT 

NON-INVERTING Cl 
f INPUT 

offset adjustment O 


OFFSET NULL 


LIC-724 


TYPICAL APPLICATIONS 
Connection of Input Guards and Offset Null 


Follower 


LIC-727 


+R 


Overcompensation 
for Greater 
Stability Margin 


Cg = 1000pF 


I 


LIC-725 


OUTPUT 


Non-Inverting Amplifier 


Ro 
Must be LOW impedance 
7 LIC-728 


CONNECTION DIAGRAMS 


Top Views 


Order 


Number é 
Dual-In-Line 





0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


—25°C to +85°C 
—25°C to +85°C 
~25°C to +85°C 
—25°C to +85°C 


DIP 
Metal Can 
Flat Pak 

Dice 


DIP 
Metal Can 
Flat Pak 
Dice 
DIP 
Metal Can 
Flat Pak 
Dice 


Am316 


Am361A 





LM316D 
LM316H 
LM316F 
LD316 


LM316AD 
LM316AH 
LM316AF 
LD316A 


LM216D 
LM216H 
LM216F 
LD216 


(1) 
(2) 


BALANCI 





DIP 
Metal Can 
Flat Pak 

Dice 


—25°C to +85°C 
—25°C to +85°C 
—25°C to +85°C 
—25°C to +85°C 


Am216A 


LM216AD 
LM216AH 
LM216AF 
LD216A 


INVERTING 
INPUT 


NON-INVERTING p—4 
INPUT 


LIC-729 
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Metal Can 


Notes: 


On Metal Can, pin 4 

is connected to case. 

On DIP, pin 7 is connected to 
bottom of package. 

On Flat Package, pin 6 is 
connected to bottom of package. 
Compensation terminal is not 
brought out on the flat package. 














Am216/316 » Am216A/316A 
MAXIMUM RATINGS 


















































Supply Voltage +20V 
Power Dissipation (Note 1) 500 mW 
Differential Input Current (Note 2) £10mA 
Input Voltage (Note 3) t15V 
Output Short-Circuit Duration Indefinite 
Operating Temperature Range 

Am216/Am216A —25°C to 85°C 

Am316/Am316A 0°C to 70°C 
Storage Temperature Range —65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) 300°C 





ELECTRICAL CHARACTERISTICS (Ty, = 25°C unless otherwise specified) (Note 4) 






































Parameter 

(see definitions) Conditions Am216 Am216A Am316 Am316A Units 
Input Offset Voltage be fOr | 3 | 10 | 3 mV 
Input Offset Current 50 15 15 pA 
Input Bias Current 150 50 150 50 pA 
Input Resistance 1 5 1 5 GQ2 
Supply Current 0.8 0.6 0.8 0.6 mA 
Large Signa! Voltage Gain = Bae VouR mle 20 40 20 40 VimvV 


The Following Specifications Apply Over The Operating Temperature Ranges 


Cipwotenvee TC ee 
Tsuenivcunent —S”~*~*‘dtCSCi‘ wax =SSSC~<‘“dSS*<“~«é~dtCt md 


Vg = +15V, Vout = £10V 
Large Signal Voltage Gain RL > 10k2 20 15 30 VimV 
+13 


Output Voltage Swing Vs = 15V, RL = 10k 














































Input Voltage Range Vg = 215V +13 Vv 
Common Mode Rejection Ratio 80 dB 
Supply Voltage Rejection Ratio 80 dB 


Notes: 1. Derate Metal Can package at 6.8 mW/°C for operation at ambient temperatures above 75°C and the Dual-In-Line package at 9 mwW/*C for opera- 
. . fe} {O . . ° 
tion at ambient temperatures above 95 C, and the Flat Package at 5.4 mW/ C for operation at ambient temperatures above 57 C. 
2. The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage 
in excess of 1 V is applied between the inputs unless some limiting resistance is used. 
3. For supply voltages less than +15 V, the maximum input voltage is equal to the supply voltage. 
4. Unless otherwise specified, these specifications apply for supply voltages from +5 V to +20 V. 
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INPUT CURRENT — pA 


VOLTAGE GAIN — dB 


VOLTAGE GAIN-dB 


TYPICAL PERFORMANCE CHARACTERISTICS 


Input Currents 












































TEMPERATURE — 


Input Noise Voltage 
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Voltage Gain 














SUPPLY VOLTAGE — +V 


Open Loop 
Frequency Response 





po Ned 
WT 
AS 




















10 100 1k 
FREQUENCY—Hz 


o 7 OW1 3SVHd 


SUPPLY REJECTION — cB 


OUTPUT SWING — +V 
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OUTPUT SWING 


EQUIVALENT INPUT OFFSET VOLTAGE — mv 


Offset Error 
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INPUT RESISTANCE — 2 


Power Supply Rejection 


nex NEGATIVE SUPPLY 
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Output Swing 
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SUPPLY CURRENT — pA OUTPUT IMPEDANCE — 82 INPUT CURRENT — pA 


VOLTAGE SWING — V 


—100 


Am216/316 *« Am216A/316A 


Input Current 























-0.3 -0.2 -0.1 0 0.1 0.2 0.3 


= 
i=) 
w 


= 
oO 
N 


= 


= 
io] 
| 





DIFFERENTIAL INPUT VOLTAGE —- V 


Closed Loop 


Output Impedance 
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SUPPLY VOLTAGE — +V 


Voltage Follower 
Pulse Response 
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Am216/316 * Am216A/316A 


ADDITIONAL APPLICATION INFORMATION 
GUARDING 


Extra care must be taken in the assembly of printed circuit boards to take full advantage of the low input 
currents of the Am216 amplifier. Boards must be thoroughly cleaned with TCE or alcohol and blown dry 
with compressed air. After cleaning, the boards should be coated with epoxy or silicone rubber to prevent 
contamination. 

Even with properly cleaned and coated boards, leakage currents may cause trouble at 125°C, particularly since 
the input pins are adjacent to pins that are at supply potentials. This leakage can be significantly reduced by 
using guarding to lower the voltage difference between the inputs and adjacent metal runs. Input guarding of 
the 8-lead TO-99 package is accomplished by using a 10-lead pin circle, with the leads of the device formed so 
that the holes adjacent to the inputs are empty when it is inserted in the board. The guard, which isa 
conductive ring surrounding the inputs, is connected to a low-impedance point that is at approximately the 
same voltage as the inputs. Leakage currents from high-voltage pins are then absorbed by the guard. 

The pin configuration of the dual-in-line package is designed to facilitate guarding, since the pins adjacent to 
the inputs are not used (this is different from the standard 741 and 101A pin configuration.) 


COMPENSATION 


a 
NE? 


r. 


4 


4 


GUARD 


Vt 


BOTTOM VIEW 


Note: Board layout for input Guarding with TO-99 package. 


Metallization and Pad Layout 


NULL 


OUTPUT 
COMP. 


62 x 72 Mils 





6-54 


Am715/715C 


High-Speed Operational Amplifier 





Distinctive Characteristics: 100% reliability assurance 
testing including high-temperature bake, temperature 
cycling, centrifuge and fine leak hermeticity testing in 
compliance with MIL-STD-883. 
Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


Description: The Am715 and Am715C high-speed op- 
erational amplifiers are functionally, electrically, and 
pin-for-pin equivalent to the Fairchild »A715 and 
#A715C. Both are available in the hermetic metal can, 
dual-in-line, and flat packages. 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 


TheAm _ isadifferential input, single-ended output operational V+ V— CASCODE 


amplifier having wide bandwidth and high slew rate. It has 
internal lead compensation and four points for external lag 
compensation networks, providing many possible combina- 
tions of frequency compensation. In addition, a point is 
brought out for use with an external diode to prevent latch-up 
in voltage follower applications. 


INVERTING INPUT O 


NON-INVERTING 


1A 2A 18 2B 


———— eee 


FREQUENCY COMPENSATION 
LIC-731 


APPLICATIONS 


Voltage Follower Voltage Follower 


Small-Signal 
Pulse Response 
YY 2; 


CASCODE 








OUTPUT — mV 



































LIC-732 LIC-733 


ORDERING INFORMATION CONNECTION DIAGRAMS 











Top Views 
Dual-In-Line Metal Can 
r fae Pac kege Tempe raiue Roda come 1a 1H comp 26 a To per 
umber e ange umber 1 + MPIEO 10 UO 
ap ieee =n heed , 
Metal Can ae to +70°C 715HC Da GETING a 10 oneal INVERTING 14 
Am715C DIP 0 Cto+70 C 715DC i eecds 2fonc INPUT er 
Dice 0°C to +70°C 715XC ncC47 af nc NON NOT OS _Moureur 
> 
MetalCan —55°C to +125°C 715HM ‘ NOTES: 
Am715 DIP 55°C to+125°C  715DM Flat Package (1) On Metal Can, 
Flat Pak 55°C to +1 25°C 715—FM comers fe pin 5 is connected to case. 
Dice —55°C to +1 25°C 715XM cascope (——]? (2) On DIP, pin'10is connected 


INVERTING 
INPUT 

NON INVERTING 
INPUT 

vo 
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to bottom of package. 


(3) On Flat Package, pin is 
connected to bottom of package. 


Am715/715C 
MAXIMUM RATINGS 















































Supply Voltage +18V 
Internal Power Dissipation (Note 1) 500 mW 
Differential Input Voltage +6V 
Input Voltage (Note 2) +15V 
Operating Temperature Range 

Ami715G 0°C to +70°C 

Am715 ‘ —55°C to +125°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 








ELECTRICAL CHARACTERISTICS (V; = +15 V, T, = 25°C unless otherwise specified) 











































































































Parameter Am715C Am715 
(see definitions) Conditions Min Typ Max Min Typ Max Units 
Input Offset Voltage Rs < 10 kQ 2.0 7.5 2.0 5.0 mV 
Input Offset Current 70 250 70 250 nA 
Input Bias Current 0.4 1.5 i 0.4 0.75 pA 
Input Resistance 1.0 1.0 MQ 
Input Voltage Range +10 +12 +10. +12 V 
Common Mode Rejection Ratio Rs < 10 k2 74 92 74 92 dB 
Supply Voltage Rejection Ratio Ry < 10 k2 70 400 70 300 uV/V 
Large Signal Voltage Gain R, = 2 kQ, Vy = £10 V 10 30 15 30 V/mvV 
Output Voltage Swing R, = 2 kQ +10 +13 +10 +13 V 
Output Resistance 75 75 2 
Supply Current 5.5 10 5.5 7.0 mA 
Transient Response (Voltage Vour = +200 mV, 
Risetime Follower) R, = 2 kQ, C, = 30 pF 30 75 30 60 ns 
Overshoot 30 50 30 40 % 
Av = 100 (Fig.8) V,,=Oto+10V, 65 65 V/us 
Slew Rate Av = 10 (Fig. 7) R, = 2 kQ, 40 40 V/us 
Av = 1 (Figs. 1&2) C, = 30 pF 10 20 15 20 V/us 
The Following Specifications Apply Over The Operating Temperature Ranges 
Input Offset Voltage R, < 10 ka 10 7.5 Ale mV 
l Input Offset Current Ta =Ty max 250 250 nA 
Ty = Tap nin 750 800 nA 
— 
Input Bias Current Ta = TA max 1.5 0.75 LA 
ear 7.5 4.0 uA 
Common Mode Rejection Ratio R, < 10 k2 74 | 74 dB 
| Supply Voltage Rejection Ratio Ry, < 10 k2 400 300 uV/V | 
Large Signal Voltage Gain R, > 2kQ, Vi = +10V 8.0 10 V/mv 
Output Voltage Swing R, > 2 kQ +10 +10 Vv | 





Notes: 1. Derate Metal Can package at 6.8 mw/c for operation at ambient temperatures above 75°C and the Dual-In-Line package at 9 mW/°C for Opera- 
tion at ambient temperatures above 95°C, the Flat Package at 5.4 mwW/°C for operation at ambient temperatures above 57°C. 
2. For supply voltages less than +15 V, the maximum input voltage is equal to the supply voltage. 
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OUTPUT — V 


OUTPUT — V 


Am715/715C 


PERFORMANCE CURVES 


Voltage Follower X1 Inverting Amplifier 


7 91 


CASCODE 


LIC-736 
Figure 1 Figure 2 


The high gain and large bandwidth of the Am715 make it mandatory to 
observe the following precautions in using the device, as is the case 
with any high frequency amplifier. Circuit layout should be arranged 
to keep all lead lengths as short as possible and the output separated 
from the inputs and frequency compensation pins. The values of the 
feedback and source impedances should be kept small to reduce the 
effect of stray capacitance of the inputs. The power supplies must be 
bypassed to ground at the supply leads of the amplifier with low 
inductance capacitors. Capacitive loading must be kept to an absolute 
minimum, since the amplifier cannot tolerate more than 30 pF directly 
at its output with full feedback. 


Follower & X1 Inverter X1 Inverter 
Positive Large-Signal Small-Signal 
Pulse Response Pulse Response 














OUTPUT — mV 
oO 
o 






























































1.0 
TIME — us 


Follower & X1 Inverter Voltage Follower 
Negative Large-Signal Small-Signal 
Pulse Response Pulse Response 














OUTPUT — mV 















































1.0 
TIME — ps 
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Am715/715C 


X10 Amolifier 


200 pF 


Figure 3 


X100 Amplifier 


Figure 4 


PERFORMANCE CURVES 


X10 Amplifier 
Positive Large-Signal 
Pulse Response 











OUTPUT -— V 
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X10 Amplifier 
Small-Signal 
Pulse Response 











OUTPUT — mv 

















TIME — ns 


X100 Amplifier 
Negative Large-Signal 


oe Pulse Response 








OUTPUT - V 




















Metallization and Pad Layout 


COMP 28 


COMP 14 


COMP 1B 
CASCODE 


-——— comP 2A 


INPUT(-} OUTPUT 


INPUT{+) 


62 x 62 Mils 
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OUTPUT —V 


OUTPUT —- V 


OUTPUT — mV 


X10 Amplifier 
Negative Large-Signal 
Pulse Response 






































X100 Amplifier 
Positive Large-Signal 
Pulse Response 



































TIME — us 


X100 Amplifier 
Small-Signal 
Pulse Response 
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Am725/725C 


Instrumentation Operational Amplifiers 





Description: 


The Am725 and Am725C monolithic operational am- 
plifiers are functionally, electrically and pin-for-pin 
equivalent to the Fairchild 725 and 725C. They are 
available in the hermetic metal can and DIP packages. 


FUNCTIONAL DESCRIPTION 


The 725/725C are instrumentation operational amplifiers. 
Device design has been optimized to provide low noise 
voltage, low offset voltage, low offset voltage drift and high 
common mode rejection. The 725 is offset voltage adjustable 
and is pin-for-pin compatible with the 108 and 101A amplifiers. 
However, additional frequency compensation components are 
required and should be determined by the desired closed 
loop gain. 


Distinctive Characteristics: 100% reliability assurance 
testing including high-temperature bake, temperature 
cycling, centrifuge and fine leak hermeticity testing in 
compliance with MIL STD 883. 


Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DIAGRAM 


Compensation 
Component Values 


R, C, Cc, 

(2) (nF) (2) (nF) 

1000 470 1.0 a 

NON-INVERTING. TPUT = 
INPUT’ @ 3 OUTPUT 100 47 10 

10 27 50 1.5 

1 10 50 20 


INVERTING Aver 
INPUT © 








OFFSET 
NULL 


*Use R3 = 512 when the amplifier 


is operated with capacitive loads. 
LIC-741 


APPLICATION 
Thermocouple Amplifier 


SENSOR 


REFERENCE 


ORDERING INFORMATION 


Package Temperature 
Type Range 
TO-99 0°C to +70°C 
DIP O°C to +70°C 
Molded DIP 0°C to +70°C 
Dice O°C to +70°C 


TO-99 —55°C to +125°C 
DIP —55°C to +125°C 
Dice —55°C to +125°C 


Am725C 
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CONNECTION DIAGRAMS 
Top Views 
Dual-In-Line Dual-In-Line 


OFFSET NULL (_ | | _} OFFSET NULL 
INVERTING 
INPU Cf 


NON-INVERTING 
INPUT Ly 





(1) On Metal Can, 
ouTrut pin 4 is connected to case. 


FREQUENCY . : 
eS COMPENSATION (2) On DIP, pin 6 is connected 


to bottom of package. LIC-743 
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Am725/725C 


MAXIMUM RATINGS 
Supply Voltage. +22V 























Internal Power Dissipation (Note 1) §00 mW 
Differential Input Voltage i +5V 
Input Voltage (Note 2) +22V 
Operating Temperature Range 

Am725 —55°C to +125°C 

Am,725C 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) / 300°C 





ELECTRICAL CHARACTERISTICS (Vs = +15V, T, = 25°C unless otherwise specified) 


Parameter Test Conditions Min Typ Max Min Typ Max Units 


Input Offset Voltage 

(Without external trim) Rg <10 ka 
Input Offset Current 

Input Bias Current 


fg = 10Hz 
Input Noise Voltage fo = 100Hz 
fg = 1kHz 
fo = 10Hz 
Input Noise Current fg = 100Hz 
fg = 1kHz 


Input Resistance 





Input Voltage Range 


Oboe ou 

[Power Supply Rejection Ratio | Rs token | [20 | Tt 
tsa | no | ots | |e 

|___ Output Resistance fT tc Pt | 2 | 
|___ Power Consumption | TT tts P| tts 


The Following Specifications Apply Over The Operating Temperature Ranges 

Input Offset Voltage 
Average Temperature Coefficient 
of Input Offset Voltage Rg = 502 1.2 2.0 5.0 uVPC 
(Without external trim) 


Average Temperature Coefficient 
of Input Offset Voltage Rg = 502 
(With external trim) 


TA(max) 1.2 35 1.2 20 nA 
Input Offset Current TAtmin) 4.0 50 75 40 nA 
Average Temperature Coefficient 
of Input Offset Current 


























Input Bias Current TA(max) 
TA(min) 

5 ‘ R_ 22k2 Ta(max) 0.125 

Large Signal Voltage Gain Ry 22kQ, TAtmin) 0125 


Common Mode Rejection Ratio Rs <10k2 


Power Supply Rejection Ratio Rg <10k2 aan i ae 
Output Voltage Swing Ri 22k2 + 


Notes: 1. Derate at 6.8 mwW/C for operation at ambient temperatures above 75°C. 
2. For supply voltages less than +22 V, the absolute maximum input voltage is equal to the supply voltage. 
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Am725/725C 






PERFORMANCE CURVES 













Maximum Undistorted Open Loop Response Frequency Response 
Sinusoidal Output For Various Values For Various 
Versus Frequency Of Compensation Closed Loop Gains 
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Open Loop Voltage Gain 

















































































As A Function Of Nulled Input Offset Voltage Unnulled Input Offset 
Temperature For As A Function Of Voltage As A Function 
Various Supply Voltages Temperature Of Temperature 
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Change In Input Offset 







Voltage Due To Absolute Maximum Power 
Thermal Shock Dissipation As A Function 
As A Function Of Time Transient Response Of Ambient Temperature 
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Transient Response Stabilization Time Of Power Consumption 
Test Circuit Input Offset Voltage From As A Function Of 
Power Turn-On Temperature 
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Am725/725C 


SOURCE RESISTANCE — 2 MEAN SQUARE NOISE VOLTAGE — V2/Hz 


SUPPLY REJECTION — xV/V 


CHANGE IN NULLED OFFSET VOI TAGE (xV) 


Input Offset Voltage Drift 
As A Function Of Time 


POWER SUPPLIES TURNED ON AT T =O 
S 20uV AT T = 1 HRS 


rie 
tt 
{ ale 
TN 
LONG TERM ORIFT 


ERROR BAND 
(NON-CUMULATIVE} 


























10 100 


. 1000 
TIME (HOURS) 


Input Noise Voltage As A 
Function Of Frequency 


Tvs sev 
HEH T a = 25°C 
i 
TT 









































100 1k 
~:EREQUENCY — Hz 


Narrow Band Spot Noise 
Figure Contours 





















































[nae 
PTT Vo = #15 V 
He Tiles 2 


100 1k 10k 100 k 
FREQUENCY — Hz 

















Supply Rejection As A 
Function Of Frequency 


FREQ COMPENSATION 
Avci =! 




































































FREQUENCY — Hz 


INPUT 8IAS CURRENT — nA 


MEAN SQUARE NOISE CURRENT -- A2/Hz 


NOISE FIGURE ~— dB 


COMMON MODE REJECTION RATIO — dB 


PERFORMANCE CURVES 


Input Bias Current 
As A Function 
Of Temperature 








IN 
N 





100 140 
TEMPERATURE — °C 


Input Noise Current As A 
Function Of Frequency 
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FREQUENCY — Hz 


Noise Figure 
As A Function Of 
Source Resistance 


‘ima 
‘anil 
inst 


10k 100 k 
SOURCE RESISTANCE — 2 


























Common Mode Rejection 
Ratio As A Function Of 
Temperature 
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TOTAL NOISE VOLTAGE 
REFERRED TO INPUT — pVrms 


INPUT OFFSET CURRENT — nA 


POWER SUPPLY REJECTION RATIO — pV/V 


COMMON MODE REJECTION RATIO 





Input Offset Current 
As A Function 
Of Temperature 
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TEMPERATURE — °C 


Broadband Noise For 
Various Bandwidths 

































































SOURCE RESISTANCE — Q 


Supply Voltage Rejection 
Ratio As A Function Of 
Temperature 
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Common Mode Rejection 
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Am725/725C 





Metallization and Pad Layout 


INPUT (-} 


INPUT (+) 
50 x 95 Mils 
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$SS725°SSS741:SSS747 


High-Performance Operational Amplifiers 





Functional Description Distinctive Characteristics 
The SSS series are high-performance operational amplifiers de- 
signed for systems demanding extremely high accuracy. Superior 
DC and AC characteristics of low input offset voltage, low input 
offset current, low input bias current and high large signal voltage 
gain provide performance comparable to discrete or hybrid mod- 
ules. The SSS series are functionally, electrically and pin-for-pin 
equivalent to the PMI SSS series. 


@ Superior DC and AC characteristics Vos, los, Avo, | 
CMRR, PSRR 


Br 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883 


CONNECTION DIAGRAMS 


$SS725 $SS741 Top View 


SSS747 


Meta! Cans Dual-In-Line Metal Can 


INVERTING OFFSET 
(INPUT A Cy [J nut a 
QVour 6 


+ 

OFFSET 

“ie wee ye 
ican INVERTING 


Be: INPUT B 

RTING 
INVERT ‘ NON Ee 
UT A 


OUTPUT INVERTING (+ 
FREQUENCY e le INPUT B 
'OMPENSATION (INPUT 


fea INVERTING 
(NPUT B 


Flat Package 
Notes: 
Nueces (1) On Metal Can, 
pin 5 is connected to case. 
(2) On DIP, pin 4 is connected 
to bottom of package. 
(3) On Flat Package, pin 4 is 
connected to bottom of 
package. 


INVERTING 
Notes: INPUT A CJ 
NON INVERTING — 


(1) All leads through. No pins INPUT A 
connected to case on SSS725, 

(2) Pin 4 connected to case 
on SSS741, 





inverting -—4 
INPUT 8 


LIC-746 LIC-747 


FUNCTIONAL DIAGRAMS 


$SS725 SS$741 


$S$S747 


INVERTING 
INPUT A 


INVERTING 


INVERTING INPUT B 


tNPUT * inven Oo 


NON-INVERTING 
INPUT 


NON-INVERTING © 
INPUT 


O 
NON-INVERTING 
INPUT B 


O 
NON-INVERTING 
INPUT A 


OFFSET 
NULL 


LIC-748 LIC-749 LIC-750 


ORDERING INFORMATION SSS725 FREQUENCY. 


Compensation 


Ofer Component Values 


Number 


$SS8725J 
SSS725BJ 
SSS725EJ 


SSS741J 
SSS741CJ 


SSS747K 
SSS747Y 
SSS747M 
SSS747CK 


Package 
Type 


Metal Can 
Metal Can 
Metal Can 


Metal Can 
Metal Can 


Metal Can 


Hermetic DIP 


Flat Pak 
Metal Can 


Temperature 
Range 


—55°C - +1425°C 
—25°C - +85°C 
o°C - +70°C 


—55°C -+125°C 
o°Cc-+70°C 
—55°C - +125°C 
—55°C -+125°C 
—55°C - +125°C 
0°C-+70°C 


Ry Cy 


(2) ( 
470 

47 

27 

10 


nF) 
1.0 
10 
50 
50 


R2 C2 
(2) (nF) 


1.5 
39 20 


SSS747CY Hermetic DIP 0°C -+70°C *Use Rg = 5182 when the amplifier is operated with capacitive loads. 
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$SS725 « SSS741 - SSS747 
MAXIMUM RATINGS HIGH PERFORMANCE INSTRUMENTATION OP AMP SSS725 


Supply Voltage +22V 
Internal Power Dissipation (Note 1) 























Metal Can (TO-99) at 
Differential Input Voltage +5V 
Input Voltage (Note 2) £22V 
Storage Temperature Range —65°C to +150°C 
Operating Temperature Range 

SSS725 —55°C to +125°C 

SSS725B —25°C to +85°C 

SSS725E 0°C to +70°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
Output Short-Circuit Duration Indefinite 
ELECTRICAL CHARACTERISTICS 
(Vg = £15V, Ta = 25°C Unless Otherwise Noted) SSS725/725E $SS725B 
Symbol Parameter Condition Min. Max. Min. Max. Units 


Vos 


Input Offset Current 
Input Bias Current 


Input Noise Voltage (Note 3) 


Input Noise Current (Note 3) 


Avo Large Signal Voltage Gain 


R,_ = 10k2 
Vom Maximum Output Voltage Swing Ri 2 2k2 


Power Consumption 


R,_ = 5002 
Large Signal Voltage Gain Vo = +0.5V 
Vs=+3V 


[Power Consumption __——S«dgssav iP S—SSCd SCS] 


The Following Specifications Apply Over The Operating Temperature Range 
$S$725 SSS725E SSS725B 
Symbol Parameter Condition Min. Max. Min. Max. Min. Max. 
Vos Input Offset Voltage Rs < 20k2 0.7 mV 
(Without external trim) 
Average Input Offset Voltage Drift = 2.8 v?rC 
(Without external trim) (Note 4) Rennes a ae (Note 3) | 
Average Input Offset Voltage Drift = vere 
fwinexorat inp vows | evsoae Te Tome | FE 
Ta MAX. 4.0 5.0 nA 
70 





< 
° 













| Bias C Fe Ta MAX. 80 8 nA 
nput Bias Curren Ta MIN. 180 100 150 nA 


CMRR Common Mode Rejection Ratio Rg < 20k2 


; Vo =210V; TA MAX. | 1,000,000 1,000,000 1,000,000 
Avo Parge SlanalVelisoe Gath Ri >2k2;:T,~ MIN. | 500,000 800,000 500,000 


Notes 1. Derate at 6.8mW/°C for operation at ambient temperatures above 75°C. 

For supply voltages less than +22 V, the absolute maximum input voltage is equal to the supply voltage. 

Parameter is not 100% tested. 90% of all units meet these specifications. 

Thermoelectric voltages generated by dissimilar metals at the contacts to the input terminals can prevent the realization of the performance 
indicated if both sides of the contacts are not kept at approximately the same temperature. Therefore, the device ambient temperature should not 
be altered without simultaneously changing the contact temperature. 








bs 40 90 APC 
Average Input Offset Current Drift (Note 3) (Note 3) Pp. 
0 


BON 
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SSS725 « SSS741 « SSS747 
























































MAXIMUM RATINGS HIGH-PERFORMANCE FREQUENCY COMPENSATED OP AMP SSS741/741C 
Supply Voltage 

SSS741 +22V 

SSS741C +18V 
Internal Power Dissipation (Note 1) 500mW 
Differential Input Voltage +30V 
Voltage between Offset Null and V~ +0.5V 
Input Voltage (Note 2) +15V 
Output Short-Circuit Duration (Note 3) Indefinite 
Operating Temperature Range 

$SS741 —55°C to +125°C 

SSS741C 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (Ta = 25°C) (Note 4) SSS741 SSS741C 
Symbol Parameter Conditions Min. Max. Min. Max. Units 

Vos Input Offset Voltage Rs, < 50k2 2.0 5.0 mV 

los | Input Offset Current 1s 5.0 20 = nA 

Ig | Input Bias Current ig ~ | 50 100 nA | 
Fone | Input Resistance [ | 2.0 1.0 ‘i MQ | 
| ; j V, = +15V, RL > 2k2 

Avo Large-Signal Voltage Gain _ 100 50 V/imv 

is Vout = +10V | 4 

oe SuGuRVEnneune | Va = #15V, R, > 10ka +12 #12 Vv 
[ 0 | RL > 2k [#10 +10 | Vv 24 

CMVR is Input Voltage Range Vs = +15V +12 +12 Vv 

Vs = +20V +15 

CMRR Common Mode Rejection Ratio R, < 50k2 80 70 dB 

PSRR Power Supply Rejection Ratio Rs < 50k2 | 10 * 450 pV/V 

Pg Power Consumption V5 <+15V ae: wa 85 mw 









The Following Specifications Apply Over the Operating Temperature Range 








































































































































































Input Offset Voltage Rs < 50k2 
Input Offset Current 
[ Ig Input Bias Current 
r | . — 
Avo Large-Signa! Voltage Gain V, = #15V, Ry > 2kQ 
_ 25 25 V/imV 
Vout = +10V | i 
ier een oe V5 = #15V, Ry > 10k2 #12 2 vO 
utput Voltage Swin 
om i , . | RL > 2k £10 ve | 
|_cmvR Input Voltage Range [| vs=#20V [ #15 | ve 
| _CMRR Common Mode Rejection Ratio [Rg < 50k2 80 | 70 [3 
PSRR Power Supply Rejection Ratio R,<50k2 100 150 pV/lV 
Notes 1. Derate metal can package at 6.8mW/°C for Operation at ambient temperatures above 75°C, 
2. For supply voltages less than £15V, the maximum input voltage is equal to the supply voltage. 
3. Short circuit may be to ground or either supply. Rating applies to +125°C case temperature or +75°C ambient temperature. 
4. TheSSS741 specifications apply for 45V < Vs < +20V. The SSS741C specifications apply for V,=2t15V. 
GUARANTEED PERFORMANCE 
Input Voltage Range Output Swing Voltage Gain 
> 
+t 
\ 
> a 
: : 
<t oO 2 
oe 2 5 
uw 
= 
jo] a uw 
gt 
F 5 < 
° FE 
c 3 S 
> 
Ds. 
a 
SUPPLY VOLTAGE —+V SUPPLY VOLTAGE — +V SUPPLY VOLTAGE — +V LIC-751 
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Supply Voltage 


SSS725 ¢ SSS741 « SSS747 
MAXIMUM RATINGS HIGH-PERFORMANCE DUAL FREQUENCY COMPENSATED OP AMP SSS747/747C 

















SSS747 +22V 

SSS747C +18V 
Internal Power Dissipation (Note 1) 

DIP, Metal! Can 800mW 

Flat Package 500mW 
Differential Input Voltage +30V 
Voltage between Offset Null and V_ +0.5V 
Input Voltage (Note 2) . +15V 
Output Short-Circuit Duration (Note 3) Indefinite 





Operating Temperature Range 
















































































SSS747 —55°C to +125°C 
SSS747C 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (Ta = 25°C) (Note 4) 
SSS747 SSS$747C 
Symbol Parameter Conditions Min. Max. Min. Max. Units 
Vv Input Offset Voitage R, < 50k2 2.0 5.0 mV 
os pi g tee ss es I i _| 
| los Input Offset Current 5.0 20 nA 
wes —_————_|— 
tp Input Bias Current 50 100 nA 
[ pee hn rca aetass “a + a | T= 
Rin Input Resistance 2.0 1.0 | MQ 
Avo Large Signal Voltage Gain eae 100 50 VimV 
Vout = +10V 
4. | 
: V, = +15V,R, > 10k2 £12 +12 Vv 
Vv Output Voltage Swin s aa 
on e ? 2 Ry > 2k2 +10 +10 V 
| rae pe dl ee ee 
CMVR Input Voltage Range Vesela, #12 ¥ 
V,= +20V +15 Vv 
ms + + — 
CMRR Common Mode Rejection Ratio R, < 50k2 80 70 dB 
PSRR Power Supply Rejection Ratio R, < 50k y 100 150 uV/IV | 
fa J | 
Pq | Power Dissipation Vs, <+15V 85 85 mw 
4 
cs Channel Separation 100 dB 
The Following Specifications Apply Over The Operating Temperature Ranges 
Vos Input Offset Voltage Rg < 50kQ | 3.0 6.0 | mV 
los | Input Offset Current 10 50 nA 
= Input Bias Current } 100 150 nA 
| ~ z I 
Avo Large Signal Voltage Gain Ver lee Moe LOM, 25 25 vimV 
Ry > 2k2 
re +t 4 4 
Vom Output Voltage Swing Vs = #15V, Ry > 10kQ +12 +12 Vv 
ae | Ri 2>2kQ +10 +10 Vv 
[ CMVR Input Voltage Range Vg,=+20V +15 Vv 
CMRR ye Common Mode Rejection Ratio } R, < 50k2 | 80 70 | dB | 
a a 
PSRR a Power Supply Rejection Ratio Rs < 50k2 100 150 BVIV 








ambient temperatures above 60°C, and the Flat package at 5.4 mWw/°C for Operation at ambient temperatures above 57°C. 
2. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 
3. Short circuit may be ground or either supply. Rating applies to 125°C case temperature or +60°C ambient temperature for each side. 
4. The SSS747 specifications apply for +5V < Ve< +20V, unless otherwise noted. The SSS747C specifications apply for +5V < Vg < +15V, unless 


_ otherwise noted., 
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Derate metal can package at 6.8 mWw/°C for operation at ambient temperatures above 30°C, the dual-in-line package at 9mW/°C for Operation at 





'$SS725 ¢ SSS741 * SSS747 


TYPICAL APPLICATIONS 
Thermocouple Amplifier $SS725 High Gain Non-Inverting Amplifier 


Ra Ro 


SENSOR 
THERMOCOUPLE 


REFERENCE | 
THERMOCOUPLE | 


R4 R2 
Ry+—+— 
Avo Avo 


Notes: For ideal resistors and open loop gain greater 
(1) Ry’ is adjusted so that the sum of Ry‘ and the thermocouple 


si teats than 10®, in a +1000 gain configuration, the 
circuit resistance equals the correct value for R4. . é 0, ; 
(2) See Frequency Compensation Circuit. gain error will be less than 0.1% and input 


impedance will be greater than 7OOMQ2. 
LIG-752 


$$S741 


Differentiator Unity Gain Voltage Follower Integrator 


Rin = 400 M2 
Cin = 10F 
Rout << 12 
BW. = 1 MHz 


LIC-754 LIC-755 LIC-756 


$SS747 


Notch Frequency as a Notch Filter Using 
Quadrature Oscillator Function of C4 the 747 as a Gyrator 


C3 Re 
SINE 
OUTPUT 
0 




















iim 


4. 
i 
{ 


COSINE 
OUTPUT 











tt 








190k2. 



























































CENTER FREQUENCY — Hz 


10 7.5kQ 


0.0001 90.001 0.01 0.1 : TRIM R3 SUCH THAT 


1 
f= —--" (RC) = RoC) R,y_R 
Inegcgn, | CAPACITOR C, — »F 1. 3 


Ry 2Ry 





LIC-757 LIC-758 LIC-759 
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SSS725 ¢ SSS741 * SSS747 


Metallization and Pad Layouts 


SSS725 S$SS741 
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rT avieikie 


56 X 106 Mils 








Am/41/741C/741A/741E 


Frequency-Compensated Operational Amplifier 





Description: 


The Am741 Series Frequency Compensated Operational 
Amplifiers are functionally, electrically, and pin-for-pin 
equivalent to the Fairchild 4741 series. The are avail- 
able in the hermetic metal can, flat package, and dual-in- 
line packages as well as plastic dual-in-line. 

The Am741A and Am741E are tested to the electrical 


characteristics of the current revision of MiL-M-38510/ 
10101. 


FUNCTIONAL DESCRIPTION 


The Am741 series are differential input, class AB output 
amplifiers intended for general purpose applications. They 
are protected against faults at input and output, and require 
no external components for frequency compensation. 


Distinctive Characteristics: 


100% reliability assurance testing including high-temper- 
ature bake, temperature cycling, centrifuge and fine leak 
hermeticity testing in compliance with MIL-STD-883. 


Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DIAGRAM 


INVERTING © 
INPUT 


NON-INVERTING © 
INPUT 


LIC-760 


APPLICATIONS 


DIFFERENTIATOR 


f=1kHz 


asviy/\/ 


R2 
10k2 


Ro 
270 0.1nF 


INPUT 


INPUT © 


Rin = 400 M2 
Ciy = 1pF 
Royt << 12 


dE jn B.W. = 1 MHz 


Eout *—R2%—- 
LIC-761 


ORDERING INFORMATION 
Package 
Type 
Metal Can 
Hermetic DIP 
Dice 
Metal Can 
Hermetic DIP 
Flat Pack 
Dice 

Metal Can 
AU. asnahie DIB 
Metal Can 
Hermetic DIP 
Flat Pack 


Part 
Number 


Order 
Number 
741HC 
741DC 
741XC 
741HM 
741DM 
741FM 
741XM 
741EHC 
741EDC 
741AHM 
741ADM 
741AFM 


Temperature 
Range 

0°C to +70°C 

0°C to +70°C 

0°C to +70°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 

0°C to +70°C 

0°C to +70°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


Am741C 


Am741A 


UNITY GAIN VOLTAGE FOLLOWER 


LIC-762 
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INTEGRATOR 


LIC-763 


CONNECTION DIAGRAMS 
Top Views 


Dual-In-Line Metal Can 


Notes: 


1. On DIP, pin 6 is connected 
INVERTING [— to bottom of package. 
uU 
eR EG bod ‘2. On Flat Package, pin 5 is 
connected to bottom of package. 


LIC-764 





MAXIMUM RATINGS 


Am741/741C/741A/741E 





Supply Voltage 

















Am741/741A/741E +22V 

Am741C +18V 
Internal Power Dissipation (Note 1) 500 mW 
Differential Input Voltage +30V 
Voltage between Offset Null and V~ +0.5V 
Input Voltage (Note 2) +15V 
Output Short-Circuit Duration (Note 3) Indefinite 





Operating Temperature Range 
Am741/741A 
Am741C/741E 


—55°C to +125°C 
0°C to +70°C 





Storage Temperature Range 


—65°C to +150°C 

































































































































Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (V; = +15 V, T, = 25°C unless otherwise specified) 
Parameter Am741C Am741 
(see definitions) Conditions Min. Typ. Max. Min. Typ. Max. Units 
Input Offset Voltage R, < 10 ka 2.0 6.0 | 1.0 5.0 mV 
input Offset Current | 20 200 20 200 nA 
| Input Bias Current 80 500 80 500 nA | 
+ 
Input Resistance 0.3 2.0 | 0.3 2.0 MQ 
Input Capacitance 1.4 =| 1.4 pF 
| Offset Voltage Adjustment Range +15 +15 mV 
Input Voltage Range #12 +13 412 £18 vi 
Large-Signal Voltage Gain R, > 2k2, Vi = +10V 20 200 _[ 50 200 “[ V/mv 
Output Resistance 75 | 75 2 
Output Short-Circuit Current 25 25 mA 
Supply Voltage Rejection Ratio Rs < 10 kQ 30 150 30 150 | uV/V 
Common Mode Rejection Ratio | Rs < 10 kQ 70 90 70 90 dB 
Supply Current | 1.7 2.8 | 1.7 2.8 mA 
Power Consumption 50 85 i 50 85 mw 
: aT 
Transient Response (unity gain) i] V,,= 20 mV, R, = 2 kQ, C, < 100 pF 
Risetime 0.3 0.3 BS 
Overshoot 5.0 5.0 % 
Slew Rate TR, > 2k 03 04 03 0.4 V/us 
1 
| The Following Specifications Apply Over The Operating Temperature Ranges 
Input Offset Voltage Ry < 10 k2 7.5 6.0 mV 
| : 
Input Offset Current Ta(max) 9.0 300 7.0 200 nA 
Minin 35 300 | 85 500 nA 
+ 
Input Bias Current Ta(max) 0.04 0.8 0.03 0.5 HA 
Tatuitc) 0.13 08 | 03 1.5 uA 
Input Voltage Range | +12 +13 +12 +13 V 
Common Mode Rejection Ratio R, < 10 kQ 70 90 | 70 90 dB 
Supply Voltage Rejection Ratio | R, < 10k® 30 150 | 30 150 w/v | 
Large-Signal Voltage Gain | R, > 2kQ, Voy = +10V 15 | 25 V/mV | 
Output Voltage Swing R, = 10 kQ +12 +14 +12 +14 Vv 
Ri = 2 kQ 10 +13 +10 +13 Vv 
. T 
Supply Current T (max, 1.6 3.3 1.5 2.5 mA 
min) 1.8 3.3 2.0 3.3 mA 
H A(min | L 
Power Consumption Ta(mex) 48 100 45 % mW 
‘Abie 54 100 60 100 mw 

















Notes: 1. 


Derate Metal Can package at 6.8 mW/°C for operation at ambient temperatures above 75°C, the Dual In-Line package at 9 mw/°C for operation 


at ambient temperatures above 95°C, and the Flat Package at 5.4 mw/°C for operation at ambient temperatures above 57°C. 
2. For supply voltages less than +15V, the maximum input voltage is equal to the supply voltage. 
3. Short circuit may be to ground or either supply. Rating applies to +125°C case temperature or +75°C ambient temperature. 
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Am741/741C/741 A/741E 


ELECTRICAL CHARACTERISTICS (Vs = +15V, Ta = 25°C unless otherwise specified) Am741A/741E 
Parameters (see definitions) Conditions Min. Typ. Max. Units 


input Onfet Curent SSS 
input Bias Curent Wows} | SSS 


Sais eae Vcc = #15V, Vg = +15V 
tput t ult ent 
chai eon gan Short to Other Supply 


PomrDisiaton 
+Vec = +20V; Ry = 2k, 10k; Vo = t15V 
Large Signal Voltage Gain ce L O 
+Vec = t5V; RL = 2kQ, 10kK2; Vg = +2V 


Transient Response (unity gain) 
Rise Time 
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Adjustment for Input Offset Voltage (Note 7) 
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Re = 10k2 32 Volts 
Large Signal Voltage Swing ET 0 
Rie 2s | 30 Volts 





Slew Rate (unity gain) VIN = +10V 
: Bandwidth = 5kHz 
Noise 
Bandwidth = 5kHz 


The Following Specifications Apply for Min < Taj < Max 


Input Offset Voltage 
Average Input Offset Voltage Drift 


° 
w 


Vius 
uV RMS 
uv Peak 
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uViPC 
TA (max) 


TA(min) 

28°C <Ta<M 
iexeatinpileGieremeeoan 

Min<Ta <25°C 


Input Bias Current (Note 5) TA(max) ne 
TA(min) 
2 


Input Offset Current 
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oO 


200 
0 


pACc 
pA/c 
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Output Short Circuit Current TA(max) 

TA(min) 
Power Dissipation TA(max) 

TA(min) mW 

Ri = 10k2 a re 
args Sional' Voltaue Swing sz 

pled so |] Volts 


#Vc = #20V; RL = 2k®, 10k2; Vo = # 
Large Signal Voltage Gain Cc = #20V; Ry = 2k®, 10k2; Vo = #15V ee eee es /m 


Notes: 1. Rating applies to ambient temperatures up to 70°C. Above 70°C ambient derate linearly at 6.3mW/°C for the metal can, 8.3mMW/°C for the DIP 
and 7.1mW/°C for the Flatpak. 

For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 

Short circuit may be to ground or either supply. Rating applies to +125°C case temperature or 75°C ambient temperature, 

TA(min) for 741A is —55°C and for 741E is OC. TA(max) for 741A is +125°C and for 741E is +70°C. 

{Input bias currents are measured individually to specified limits. 

PSRR measured separately for positive and negative supply to specified limits. 

Vos adjust is measured in both positive and negative direction to the specified limit. 
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POWER CONSUMPTION — mW 


Power Consumption 
As A Function Of 
Supply Voltage 

















15 
SUPPLY VOLTAGE — +V 


PERFORMANCE CURVES 


Input Bias Current 
As A Function Of 
Ambient Temperature 


























INPUT BIAS CURRENT — nA 











TEMPERATURE — °C 


Slew Rate and Transient Response 
Test Circuit 
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INPUT RESISTANCE — MQ 


LIC-766 


Am741/741C/741 A/741E 


Input Resistance 
As A Function Of 
Ambient Temperature 
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Am741/741C/741 A/741E 


MEAN SQUARE VOLTAGE — V?/Hz 
PEAK--TO—PEAK OUTPUT SWING — V INPUT OFFSET CURRENT — nA 


VOLTAGE GAIN — dB 


Input Offset Current 
As A Function Of 
Supply Voltage 











Am741/741C 


Am741A/741E 




















10 15 
SUPPLY VOLTAGE — +V 


Output Voltage Swing 
As A Function Of 
Load Resistance 
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LOAD RESISTANCE — k& 
Input Noise Voltage 


As A Function Of 
Frequency 
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Open Loop Voltage Gain 
As A Function Of 
Frequency 
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FREQUENCY — Hz 


PERFORMANCE CURVES (Cont.) 


MEAN SQUARE NOISE CURRENT — A?/Hz 
SHORT CIRCUIT CURRENT — mA INPUT OFFSET CURRENT — nA 


PHASE — DEGREES 


Input Offset Current 
As A Function Of 
Ambient Temperature 
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Output Short-Circuit Current 
As A Function Of 
Ambient Temperature 
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Open Loop Phase Response 
As A Function Of 
Frequency 
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POWER DISSIPATION — 
TOTAL NOISE REFERRED TO INPUT — pVrms od A POWER CONSUMPTION — mW 


PEAK—TO—PEAK OUTPUT SWING — V 


Power Consumption 
As A Function Of 
Ambient Temperature 
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Am741C/74 
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Absolute Maximum Power 
Dissipation As A Function 
Of Ambient Temperature 
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Broadband Noise For 
Various Bandwidths 
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SOURCE RESISTANCE — 2 


Output Voltage Swing 
As A Function Of 
Frequency 
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Input Resistance And 
Input Capacitance As A 
Function Of Frequency 


PERFORMANCE CURVES (Cont.) 


Output Resistance 
As A Function Of 
Frequency 


Am741/741C/741 A/741E 


Common Mode Rejection 
Ratio As A Function Of 
Frequency 
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INPUT CAPACITANCE- pF 
COMMON MODE REJECTION RATIO — dB 


FREQUENCY — Hz FREQUENCY — Hz FREQUENCY — Hz 


Frequency Characteristics 
As A Function Of 
Supply Voltage 


Voltage Follower 


Transient Response Large-Signal Pulse Response 
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OUTPUT VOLTAGE — V 
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TIME — uS TIME — uS SUPPLY VOLTAGE — +V 


Frequency Characteristics 
As A Function Of 
Ambient Temperature 


Open Loop Voltage Gain 
As A Function Of 
Supply Voltage 
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CLOSED LOOP 
BANDWIDTH 
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TEMPERATURE - °C SUPPLY VOLTAGE — +V 


Output Voltage Swing 
As A Function Of 
Supply Voltage 


Input Common Mode 
Voltage Range As A 
Function Of Supply Voltage 
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SUPPLY VOLTAGE — +V 


COMMON MODE VOLTAGE RANGE — +V 
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SUPPLY VOLTAGE — +V 
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Am741/741C/741A/741E 


INVERTING AMPLIFIER NON-INVERTING AMPLIFIER 


LIC-769 3 LIC-770 


Metallization and Pad Layout 





OUTPUT 











56 X 56 Mils 
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Am/a7/74/C/147A/747E 


Dual Frequency-Compensated Operational Amplifiers 





Description: 


The Am747 Series Dual Frequency-Compensated Oper- 
ational Amplifiers are functionally, electrically, and pin- 
for pin equivalent to the Fairchild 1A747 series. They 
are available in the hermetic metal can, dual-in-line and 
flat packages as well as plastic dual-in-line. 

The Am747A and Am747E are tested to the electrical 
characteristics of the current revision of MIL-M-38510/ 
10102. 


FUNCTIONAL DESCRIPTION 


The Am747 is a dual Am741 internally compensated opera- 
tional amplifier. The Am747 Series are differential input, 
class AB output amplifiers intended for general purpose appli- 
cations. They are protected against faults at input and output, 
and require no external components for frequency compen- 
sation. 


Distinctive Characteristics: 

100% reliability assurance testing including high-temper- 
ature bake, temperature cycling, centrifuge and fine leak 
hermeticity testing in compliance with MIL-STD-883. 


Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DIAGRAM 


INVERTING 
INPUT B 


INVERTING 
INPUT A 
O 


) 
NON- INVERTING 
INPUT B 


O 
NON. INVERTING 
INPUT A 


Note: V+tA and V*B connected internally. For separate 


Vt pins order as 747-1. LIC-771 


APPLICATIONS 


QUADRATURE OSCILLATOR 


C3 
SINE 
OUTPUT 
9 


COSINE 
OUTPUT 


Cy 
{R1Cy = R2Co) T 220 0F 1% 


t= Sa 
2m CGRQC3R3 
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ORDERING INFORMATION 

Part Package Temperature 
Number Type Range 

0°C to +70°C 

0°C to +70°C 


Order 
Number 
747DC 
747HC 


Hermetic DIP 


Am747C Metal Can 


NOTCH FILTER USING THE Am747 AS A GYRATOR 


Notch Frequency as a 
Function of C4 
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10 
0.0001 0.001 0.01 0.1 1.0 TRIM Rg SUCH THAT 
CAPACITOR C, ~ uF Ar. F3. 


Rp 2R4 
LIC-773 LIC-774 


CONNECTION DIAGRAMS 
Top Views 


Dual-In-Line Metal Can 


INVERTING OFFSET 
input a CJ PJ) nuit a 


NON INVERTING 
ure 4 


vA 





Am747E 


Am747A 


Molded DIP 
Dice 
Hermetic DIP 
Metal Can 
Flat Pak 
Dice 
Hermetic DIP 
Metal Can 
Hermetic DIP 
Meta! Can 
Flat Pak 


0°C to +70°C 

0°C to +70°C 
—55°C to +125°C 
—55°C to +125°C 


55°C to +125°C 


—55°C to +125°C 
0°C to +70°C 
0°C to +70°C 

—55°C to +125°C 

—55°C to +125°C 

—55°C to +125°C 


747PC 
747XC 
747DM 
747HM 
747FM 
747XM 
747EDC 
747EHC 


‘747ADM 


747AHM 
747AFM 





INVERTING 
INPUT B = 


NON INVERTING -—} 
INPUT 8 
INVERTING 
iNPUT B 
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OFFSET 
= NULL B 





Raila ven 
PINPUT B 


NON Ne 0 ey, NON epee 
UT 


Notes: 
. On Metal Can, 
pin 5 is connected to case. 
. On DIP, pin 4 is connected 
to bottom of package. 


3. On Flat Package, pin 4 is 


connected to bottom of package. 
. VTA and V+B are connected 


internally. LiC-775 


Am747/747C/747A/747E 
MAXIMUM RATINGS 





Supply Voltage 

















Am747, Am747A, Am747E +22V 
Am747C +18V 
Internal Power Dissipation (Note 1) 
DIP, Metal Can 800 mW 
Flat Package 500 mw 
Differential! Input Voltage +30 V 
Voltage between Offset Null and V~ +0.5V 
Input Voltage (Note2) +15V 
Output Short-Circuit Duration (Note3) Indefinite 





Operating Temperature Range 
Am747, Am747A 
Am747C, Am747E 


Storage Temperature Range 


—55°C to +125°C 
0°C to +70°C 


—65°C to +150°C 






























































Lead Temperature (Soldering, 60 sec.) 300°C 

ELECTRICAL CHARACTERISTICS—Each Amplifier (V; = +15 V, T, = 25°C unless otherwise specified) 
Parameter Am747C Am747 
(see definitions) Conditions Min. Typ. Max. Min. Typ. Max. Units 
Input Offset Voltage | Ry < 10 ka 20 60 10 5.0 mV 
Input Offset Current 20. 200 20 200 | #-nA >i 
Input Bias Current | 80 500 80 500 nA 

- Input Resistance 0.3 2.0 | 0.3 2.0 | MQ 
Input Capacitance 1.4 [ 1.4 | pF 
Offset Voltage Adjustment Range | +15 +15 mV | 
Input Voltage Range | : +12 +13 | +12: +13 Vv 

| Large-Signal Voltage Gain R, = 2kQ, Vy = £10V 25 200 50 200 —_ V/mvV 
Output Resistance 75 75 2 J 
Output Short-Circuit Current 25 a 25 [ mA 
Supply Voltage Rejection Ratio | R, < 10 kQ 30 150 30 150 uV/V 

| Common Mode Rejection Ratio | Rs < 10 ko 70 90 | 70 ~~ 90 |B 
Supply Current 1.7 2.8 1.7 2.8 mA 
Power Consumption 50 85 | 50 85 mw 

r Transient Response (unity gain) V,, = 20 mV, R, = 2k2, C, < 100 pF 

Risetime 0.3 0.3 LS 
Overshoot 5.0 5.0 % 

Slew Rate R, = 2k2 0.3 0.4 0.3 0.4 V/us 

| Channel Separation Rs = 50 2, R, > 10 k2 120 [ 420 195 





The Following Specifications Apply Over The Operating Temperature Ranges 









































| Input Offset Voltage Ry < 10 kQ 
Input Offset Current Ta(max) 
_A(min) 
f T 
Input Bias Current max) 
[ TA (min) 
Input Voltage Range 
Common Mode Rejection Ratio R, < 10 kQ 
Supply Voltage Rejection Ratio Rs < 10 k2 
Large-Signal Voltage Gain R, = 2 ka, Vout = £10 V 
r 
Output Voltage Swing R, 2 10 ka 
R, >.2 ka 
| Supply Current Ta(many 
A(min) 
Power Consumption Ta(max) 
} A(min) 

















Notes: 1. 


at ambient temperatures above 60°C, and the Flat Package at 5.4 mw/*C for operation at ambient temperatures above 57°C. 


2. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 


Derate Metal Can package at 6.8 mwW/°C for operation at ambient temperatures above 30° C, the Dual In-Lime package at 9 mw/C for operation 


3. Short circuit may be ground or either supply. Rating applies to 125°C case temperature or +60°C ambient temperature for each side. 
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Am747/747C/747A/747E 
ELECTRICAL CHARACTERISTICS (Vs = +15V, Ta, = 25°C unless otherwise specified) Am747A/747E 


Parameters (see definitions) Conditions Min. Typ. Max. Units 
Input Offset Voltage 

Input Offset Current 

Input Bias Current (Note 5) 

Power Supply Rejection Ratio (Note 6) 

= £Vcc = £15V, Vo = #15V 

Output Short Circuit Current Shareie:Oiher Sucely 

Power Dissipation 

Vcc = +20V; RL =2kQ 10k2; Vo = +15V 


Large Signal Voltage Gain 
c= +#5V;R_L =2kQ 10k2; Vo = +2V 


+ 


Transient Response (unity gain) 


oO 


o1 . 
ako) 


Rise Time 


Vv 
Adjustment for Input Offset Voltage (Note 7) 
Rt = 10kQ . 
Large Signal Voltage Swing 
Re = 2k2 
Slew Rate (unity gain) VIN = £10V 
Bandwidth = 5kHz 
Bandwidth = 5kHz 


The Following Specifications Apply for Min < Ta < Max 


~ 
oa 


32 
30 


o 
wo 


Average Input Offset Voltage Drift 


TA(max) 
TA(min) 
25°C < Ta < Max 


Average Input Offset Current Drift - 7 
Min<Ta < 25°C 


Input Offset Current 


| 
a 
ae 
aa 
as 
indue Bias Curteat nates) [ TaAimx)  —C—sSYC 
heer TA(max) 

Sr = ae ee GO 
| 9.0 | 

aa 

| 

| 10 | 





Power Dissipation TA(max) 
TA(min) 


Ry = 10kQ 
Large Signal Voltage Swing 
i =o aad 


Vcc = 20V; RL = 2kQ, 10k2; Vo = +15V 
+Vec = +5V; Rx = 2kQ, 10kQ; Vo = 42V 








Large Signal Voltage Gain 











Notes: 1. Rating applies to ambient temperatures up to 70°C. Above 70°C ambient derate linearty at 6.3mW/°C for the metal can, 8.3mW/°C for the DIP 
and 7.1mW/°C for the Flatpak. 

For supply voitages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 

Short circuit may be to ground or either supply. Rating applies to +125°C case temperature or 75°C ambient temperature. 

Ta(min) for 741A is —55°C and for 741E is OC. Ta(max) for 741A is +125°C and for 741E is +70°C. 

Input bias currents are measured individually to specified limits. 

PSRR measured separately for positive and negative supply to specified limits. 

Vos adjust is measured in both positive and negative direction to the specified limit. 


SOO GN) 
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Am747/747C/747A/747E 


POWER CONSUMPTION — mW 


Power Consumption 
As A Function Of 
Supply Voltage 


























SUPPLY VOLTAGE — +V 


INPUT BIAS CURRENT — nA 


PERFORMANCE CURVES 
(Each Amplifier) 


Input Bias Current 
As A Function Of 
Ambient Temperature 




















-60 -20 20 
TEMPERATURE — °C 


Transient Response 
Test Circuit 
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INPUT RESISTANCE — MQ 


LIC-777 


Input Resistance 
As A Function Of 
Ambient Temperature 














TEMPERATURE — °C 


LIC-776 





Input Offset Current 
As A Function Of 


Supply Voltage 
Am747/747C = 


Tp = 25°C 








>, = 
Am747A/747E 
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10 

















INPUT OFFSET CURRENT — nA 
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SUPPLY VOLTAGE — +V 


Output Voltage Swing 
As A Function Of 
Load Resistance 
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Input Noise Voltage 
As A Function Of 
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FREQUENCY — Hz 
Open Loop Voltage Gain 


As A Function Of 
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1 10 


100 1k 10k 100k 1M 10M 
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PERFORMANCE CURVES (Cont.} 


(Each Amplifier) 


Input Offset Current 
As A Function Of 
Ambient Temperature 














INPUT OFFSET CURRENT — nA 
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Output Short-Circuit Current 
As A Function Of 
Ambient Temperature 




















SHORT CIRCUIT CURRENT — mA 
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Input Noise Current 
As A Function Of 
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Open Loop Phase Response 
As A Function Of 
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TOTAL NOISE REFERRED TO INPUT — Vrms POWER DISSIPATION — mW POWER CONSUMPTION — mW 


PEAK—TO-—PEAK OUTPUT SWING — V 





Am747/747C/747A/747E 


Power Consumption 
As A Function Of 
Ambient Temperature 
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Absolute Maximum Power 
Dissipation As A Function 
Of Ambient Temperature 
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Various Bandwidths 
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SOURCE RESISTANCE — 2 
Output Voltage Swing 


As A Function Of 
Frequency 
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Am747/747C/747A/747E 


INPUT RESISTANCE — Q 


PERFORMANCE CURVES (Cont.) 


Input Resistance And 
Input Capacitance As A 
Function Of Frequency 





100 1k 


(Each Amplifier) 


Output Resistance 
As A Function Of 
Frequency 
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INPUT CAPACITANCE-—pF 
OUTPUT RESISTANCE — 2 
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FREQUENCY — Hz 


Transient Response 
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FREQUENCY — Hz 


Voltage Follower 
Large-Signal Pulse Response 


COMMON MODE REJECTION RATIO — dB 


Common Mode Rejection 
Ratio As A Function Of 
Frequency 
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Frequency Characteristics 
As A Function Of 
Supply Voltage 


HE Vg = #15V 
ro [tas 2% 
Bee 


TRANSIENT 
RESPONSE 
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[ [Froureut i TAT 
SH ero Haw 


OUTPUT — mV 
RELATIVE VALUE 








OUTPUT VOLTAGE — V 


Ry = 2kQ 
Cy = 100pF 
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Frequency Characteristics 
As A Function Of 
Ambient Temperature 


Open Loop Voltage Gain 
As A Function Of 
Supply Voltage 


TRANSIENT, 
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RELATIVE VALUE 
VOLTAGE GAIN-dB 
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As A Function Of 
Supply Voltage 


Input Common Mode 
Voltage Range As A 
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Am747/747C/747A/747E 


ADDITIONAL APPLICATIONS 


COMPRESSOR/EXPANDER AMPLIFIERS 


COMPRESSOR EXPANDER 


COMPRESSOR 
iNeuT OUTPUT iNPUT EXPANDER 


OUTPUT 


COMPRESSOR EXPANDER 


MAXIMUM COMPRESSION/EXPANSION RATIO = Ry/R (10 k& >R 20) LIC-780 
DIODES D, THROUGH Dy ARE MATCHED FD6666 OR EQUIVALENT ” 


TRACKING POSITIVE AND NEGATIVE 
ANALOG MULTIPLIER VOLTAGE REFERENCES 
CURRENT SOURCE AMPLIFIER mi 
Ro Rig 
20k 25.82" 
: 1% 


12kQ* 1% POSITIVE NEGATIVE 


REGULATED REGULATED 
OUTPUT OUTPUT 

% Am 3 +12V -12V 

747 


Ris 

25.8k2° 1% I) <5mA \) <5mA 
SOURCE OR SOURCE OR 
SINK SINK 


Ry +R 
POSITIVE OUTPUT = Vp x - 2 
2 


*MATCHED TO 0.1% } 202 - } R, 
Equr~ 100 Ein, * Ein, =15v ZERO ADJUST —+15V NEGATIVE OUTPUT = —POSITIVE ouTPUT x £6 
LIC-781 8 LIC-782 





Metallization and Pad Layout 


OUTPUT A OUTPUT B 





INPUT A(-) INPUT Bt) 


INPUT A(+) INPUT Bi+) 


56 x 106 Mils 
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Am748/748C 


Operational Amplifier 





Description: The Am748/748C Monolithic Operational 
Amplifiers are functionally, electrically, and pin-for-pin 
equivalent to the Fairchild ».A748 and »A748C. Both are 
available in the hermetic metal can, dual-in-line, and 
flat packages. 


FUNCTIONAL DESCRIPTION: 

The Am748 and Am748C are differential input class AB output 
amplifiers intended for general-purpose application. They are 
protected against faults at input and output, and may be 
frequency compensated with an external 30 pF capacitor. 


Distinctive Characteristics: 100% reliability assurance 
testing including high-temperature bake, temperature 
cycling, centrifuge and fine leak hermeticity testing in 
compliance with MIL STD 883 Class B. 

Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DIAGRAM 


INVERTING 
INPUT 


Am748 


NON INVERTING 
INPUT 


LIC-783 


APPLICATIONS 


DIFFERENTIATOR 


ule 


LIC-784 


ORDERING INFORMATION 


Order 
Number 


Part Package 
Number Type 


Temperature 
Range 


Metal Can O°C to +70°C 
Hermetic DIP O°C to +70°C 
Dice O°C to +70°C 


Metal Can —55°C to +125°C 
Hermetic DIP —55°C to +125°C 
Dice —55°C to +125°C 


748HC 
748DC 
748XC 


748HM 
748DM 
748XM 


Am748C 


Lic-786 * 


INTEGRATOR 


Cy 
0.1 F 
RQ 
100kS2 


LIC-785 
CONNECTION DIAGRAMS 
Top Views 


Metal Can 


FREQ. COMP 
B 


Dual-In-Line 


INVERTING 
INPUT 


NOTES: 


(1) On Meta! Can, 
pin 4 is connected to case. 


(2) On DIP, pin 6 is connected 
to bottom of package. 
NON. INVERTING 
INPUT 


(3) On. Flat Package, pin 5 is 


aces connected to bottom of package. 
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MAXIMUM RATINGS 


Am748/748C 





Supply Voltage 














Am748 +22V 
Am748C +18V 
Power Dissipation (Note 1) 500 mW 
Differential Input Voltage +30V 
Input Voltage (Note 2) - +15V 
Output Short-Circuit Duration (Note 3) Indefinite 





Operating Temperature Range 





















































































































































Am748 —55°C to +125°C 
Am748C 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (V; = +15 V, T, = 25°C unless otherwise specified) 
Parameter Am748C Am748 
(see definitions) Conditions Min. Typ. Max. Min. Typ. Max. Units 
Input Offset Voltage Rs < 10 ka 20 60 |. 10 50 | mV 
Input Offset Current 20 200 | 20° 200 nA 
| Input Bias Current 80 500 80 500 | nA 
Input Resistance 0.3 2.0 0.3 2.0 MQ 
Input Capacitance 1.4 | 1.4 pF 
Offset Voltage Adjustment Range | +15 mV 
| Input Voltage Range +12 +13 =e Vv 
| Large-Signal Voltage Gain [RD 2k, Viy = =10V 502000 | W/m 
Output Resistance 75 2 
Output Short-Circuit Current a 25 es mA 
| Supply Voltage Rejection Ratio Ry < 10 k2 30 150 uV/V \ 
Common Mode Rejection Ratio | Ry < 10 kQ 70 90 | dB 
Supply Current 7 1.7 2.8 mA 
Power Consumption ii 50 85 mW 
Transient Response (unity gain) Vi, = 20 mV, R, =2kQ, C, < 100 pF | 
Risetime 0.3 0.3 us 
Overshoot 5.0 5.0 % 
Slew Rate | RL > 2k 02 05 0.2 05 | V/us 
The Following Specifications Apply Over The Operating Temperature Ranges 
Input Offset Voltage R, < 10 kQ 7.5 
Input Offset Current ree se sed ae a . | 
| input Bias Current | Taine eed ore ae 2 
Input Voltage Range +12 +13 412 +13 vo 
| Common Mode Rejection Ratio | Rs < 10 k2 70 90 | 70 90 dB 
| Supply Voltage Rejection Ratio Ro < 10k2 30 150 30 150 uV/V | 
Large-Signal Voltage Gain | R, = 2kQ, Voy = £10 V 25 7 L 28 V/mV 
Outpt Votiage Sing ne oe ae ee : 
Suasieunent | Tas 16 33 | 15 25 mA 
arate 18 33 | 20 3.3 mA 
Power Consumption | Taimax) 45 100 45 75 mW 
| Faerie 54. 100 | 60 100 mw 











Notes: 1. 


tion at ambient temperatures above 95°C. 
2. For supply voltages less than +15 V, the maximum input voltage is equal to the supply voltage. 
3. Short circuit may be to ground or either supply. Rating applies to +125°C case temperature or +75°C ambient temperature. 
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Derate Metal Can package at 6.8 mW/°C for Operation at ambient temperatures above 75°C and the Dual In-Line package at 9 mWw/°C for opera- 





Am748/748C 


PERFORMANCE CURVES 


Power Consumption Input Bias Current Input Resistance 
As A Function Of As A Function Of As A Function Of 
Supply Voltage Ambient Temperature Ambient Temperature 






































POWER CONSUMPTION — mW 
INPUT BIAS CURRENT — nA 
INPUT RESISTANCE — MQ 




















0 0.1 
10 15 -20 20 60 100 140 20 60 100 140 
SUPPLY VOLTAGE — £V TEMPERATURE — °C TEMPERATURE — °C 


LIC-787 


TRANSIENT RESPONSE TEST CIRCUIT 


LIC-788 
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MEAN SQUARE VOLTAGE — V?/Hz 
PEAK—TO-—PEAK OUTPUT SWING — \ INPUT OFFSET CURRENT — nA 


VOLTAGE GAIN 


Input Offset Current 
As A Function Of 
Supply Voltage 














SUPPLY VOLTAGE — +V 


Output Voltage Swing 
As A Function Of 
Load Resistance 
































0.2 O05 10 20 50 10 


LOAD RESISTANCE — kQ 
Input Noise Voltage 


As A Function Of 
Frequency 






























































100 10k 100k 


FREQUENCY - Hz 


Open Loop Voltage Gain 
As A Function Of 
Frequency 


























10 100 1k 10k 100k 1M 10M 


FREQUENCY — Hz 


MEAN SQUARE NOISE CURRENT — A?/Hz 
SHORT CIRCUIT CURRENT — mA INPUT OFFSET CURRENT — nA 


PHASE — DEGREES 


PERFORMANCE CURVES 


Input Offset Current 
As A Function Of 
Ambient Temperature 














TEMPERATURE — °C 


Output Short-Circuit Current 
As A Function Of 
Ambient Temperature 




















20 #60 100 140 
TEMPERATURE-°C 
Input Noise Current 


As A Function Of 
Frequency 





















































FREQUENCY — Hz 


Open Loop Phase Response 
As A Function Of 
Frequency 


Vg = +15V 
= Oo 
Ta = 25°C 











100 1k 10k 100k 1M 10M 


FREQUENCY — Hz 
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POWER DISSIPATION — mW 
NOI - 
TOTAL NOISE REFERRED TO INPUT — pVrms POWER CONSUMPTION — mw 


PEAK—TO-—PEAK OUTPUT SWING — V 


Am748/748C 


Power Consumption 
As A Function Of 
Ambient Temperature 






































TEMPERATURE — °C 


Absolute Maximum Power 
Dissipation As A Function 
Of Ambient Temperature 












































0 
25 45 65 85 105 125 


TEMPERATURE — °C 


Broadband Noise For 
Various Bandwidths 







































































10k 


SOURCE RESISTANCE — Q 


Output Voltage Swing 
As A Function Of 
Frequency 















































100 1k 
FREQUENCY — Hz 
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Am748/748C 


PERFORMANCE CURVES 


Input Resistance And Output Resistance Common Mode Rejection 
Input Capacitance As A As A Function Of Ratio As A Function Of 
Function Of Frequency Frequency 


Frequency 


t_.} Ve = £15V 
inn A 


Ta = 25°C 





























INPUT RESISTANCE — @ 
INPUT CAPACITANCE—pF 
OUTPUT RESISTANCE — 2 


























0 alin 


1k 10k 100k 1M u 1k 10 100 %tk 10k 100k 1M 10M 
FREQUENCY — Hz FREQUENCY — Hz FREQUENCY — Hz 


COMMON MODE REJECTION RATIO — dB 


Frequency Characteristics 
Voltage Follower As A Function Of 
Transient Response Large-Signal Pulse Response Supply Voltage 


SBEEEEESC: z 
EET 6 00 moet a 
LANL |_| 
CCN 
Sipura YC 
il 
“Tere 
Seco nese 
ri ttt tet ft fy 


-10 
05 1.0 1. . : 0 10 20 30 40 50 60 70 80 90 


OUTPUT — mV 








OUTPUT VOLTAGE — V 
RELATIVE VALUE 


TIME — uS TIME — pS SUPPLY VOLTAGE — +V 


Frequency Characteristics Open Loop Voltage Gain 
As A Function Of As A Function Of 
Ambient Temperature Supply Voltage 


TRANSIENT, 


iRcacNe al 
| | PRKLE SLEW RATE 


aapZ aacSenn 


oe CLOSED LOOP LPN 
BANDWIDTH 


RELATIVE VALUE 
VOLTAGE GAIN-dB 





5 
-20, 20 60 100 0 2 4 6 8 10 12 14 16 18 20 
TEMPERATURE — °C SUPPLY VOLTAGE — +V 


Output Voltage Swing Input Common Mode 
As A Function Of Voltage Range As A 
Supply Voltage Function Of Supply Voltage 


40, 
36 
32 
28 
24 
20 
16 
12 

8 

4 


Q 


Ry >2k2 
































PEAK-—TO-—PEAK OUTPUT SWING — V 








COMMON MODE VOLTAGE RANGE -: +V 


10 16 
SUPPLY VOLTAGE — +V ; SUPPLY VOLTAGE — +V 
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Am748/748C 


UNITY GAIN VOLTAGE FOLLOWER 


BASIC Am748 - | 
Am748 
B 
A 


AMPLIFIER 
APPLICATIONS 


Ryn = 400 M&2 
Cin = 1pF 

Rout << 12 
B.W. = 1 MHz 


LIC-791 


NON-INVERTING AMPLIFIER 
Ro 
Am748 
B 
+ 7" 
A 


30 pF 


INVERTING AMPLIFIER 
Ra 


Ry+R2 


BW. Rin sce Bae Jecnst! 
> B.W. R 








R 


‘ 2 

10 k2 10 kQ 1 MHz 10 kQ F read Seal, 
1kQ 10 k2 100 KHz 1k 9kQ2 100 kHz 400 MQ 
100 Q 9.9 kQ 10 kHz 280 M2 








1k 100 k2 10 kHz 1ke 
1002 100K = : 100 @ 99.9 ka 80 Mo vigves 





LIC-792 





Metallization and Pad Layout 


COMP. 


INPUT {-) 
“AVINULL 


INPUT (+) 





COMP. “B” 


vt 


OUTPUT 








49 x 56 Mils 
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Am1501 


Dual Operational Amplifiers 





Distinctive Characteristics 


@ Low offset voltage e@ Offsets guaranteed over entire common mode and 
® Low offset current supply voltage ranges 
® Guaranteed drift characteristics @ Slew rate of 10V/ys as a summing amplifier 


FUNCTIONAL DESCRIPTION 


The Am1501 series are differential input, class AB output 
operational amplifiers. The inputs and outputs are protected 
against overload and the amplifiers may be frequency com- 
pensated with an external 30pF capacitor. The combination 
of low-input currents, low-offset voltage, low noise, and 
versatility of compensation classify the Am1501 series ampli- 
fiers for low level and general purpose applications. 


FUNCTIONAL DIAGRAM 


O BALANCE 


OUTPUT 
INVERTING COMPENSATION 
INPUT 


O OUTPUT 


BALANCE/ 
COMPENSATION 


NON-INVERTING 
INPUT 


© BALANCE 


INVERTING 


COMPENSATION 
INPUT 2 


NON-INVERTING 0 


ALANCE 
INPUT ar pareiay 


© COMPENSATION 


O vt 


LIC-794 


ORDERING INFORMATION 


Part Package Temperature Order 
Number Type Range Number 


Hermetic Dip O°Cto+70°C AM1501DC 
Flat Pak 0°C to +70°C AM1501FC 
Hermetic Dip -25°C to:+85°C AM1501DL 
Flat Pak -25°C to +85°C AM1501FL 
Hermetic Dip -55°C to +125°C =AM1501DM 
Flat Pak ~55°C to+125°C AM1501FM 


Am1501C 


Am1501L 


Am1501M 
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DESCRIPTION 


The Am1501 series of dual operational amplifiers are two 
LM101A type op amps in a single hermetic package. They are 
functionally, electrically and pin-for-pin equivalent to the 
National LH2101A series. Featuring all the same performance 
characteristics of the single, these duals offer in addition closer 
thermal tracking, lower weight, reduced insertion cost, and 
smaller size than two singles. 

The Am1501M is specified for operation over the —55°C to 
+125°C military temperature range. The Am1501L is specified 
for operation over the —25°C to +85°C temperature range. 
The Am1501C is specified for operation over the O°C to +70°C 
temperature range. 


CONNECTION DIAGRAMS 
Top Views 


Dual-In- Line 


BAL./COMP. A [_| 


INV. INPUT A L 


NON-INV. 


INPUT A | INV. INPUT B 
v— i 110, | BAL./ COMP. B 
10[ | 
Z 8 9 
| 


BAL./COMP.A[ _] 
INV.INPUTA |_| 


NON-INV. 
INPUT A [| INV. INPUT B 


va | _] BAL./COMP. B 


ouTeuT B[ | 


Note: Pin 1 is marked for orientation. 
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Am1501 


MAXIMUM RATINGS 


Supply Voltage . 
Am1501M, Am1501L +22V 








Am1501C +18V 
Internal Power Dissipation (Note 1) 500mW 
Differential Input Voltage +30V 
Input Voltage (Note 2) +15V 
Output Short-Circuit Duration Indefinite 
Operating Temperature Range 

Am1501M -55°C to +125°C 

Am1501L ~25°C to+ 85°C 

Am1501C O°C to+ 85°C 
Storage Temperature Range ~65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (Note 3) 
(EACH AMPLIFIER) 


Am1501M 
Am1501C Am1501L 
Parameter (see definitions) Conditions Min. Typ. Max. Min. Typ. Max. Units 





input Onset vanes ———SSSSCd Re 2 8 | fo? [20] ov | 

input OrsstCurene SS 8 fff ts ft fe 

Pnpuesias Gree ao 
ae ae 


Supply Current (Total Both Amplifiers) vor eey® a ee ee mA 


Vg = 115V se ea 
Large Signal Voltage Gain b 


s = +15V, VouT = +10V, 
Ry > 2.0ka 25 160 50 V/mV 


The Following Specifications Apply Over The Operating Temperature Ranges 
Rg < 50k2 





























Slew Rate 




















Input Offset Voltage 




















Input Offset Current 








2 28°C <Ta<Taimax) | | 0.01 | 03 0.01 | 0.1 - 
A T t Coeff 1 t Offset . 
verage Temperature Coefficient of Inpu set Current TAGny< TAS eC 002 0G 0.02 02 


eel 100 
Vs = £15V, Vout = +10V, 


RL > 2.0k2 










3 
> 
~~ 
oO 








Supply Voltage Rejection Ratio Rg < 50k 


Vg = #15V, RL = 10k2 +12 
Rp = 2.0k2 1 


Ta = +125°C, Vg = +20V 


i+ 
w 






+ 
-= 
ol 
N : 
h 


ae 
: ae 
| 14 | 
a 





Notes: 1. The maximum junction temperature of the Am1501M is 150° C, while that of the Am1501L and Am1501C is 100°C. For operating temperatures, 
devices in the flat package, the derating is based on a thermal resistance of 185° C/W when mounted on a 1/16-inch-thick epoxy glass board with 
0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 100°C/w, junction to ambient. 

2. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 

3. These specifications apply for t5V < Vg <+20V and -55°C < Tas +125°C, unless otherwise specified. With the Am1501L, however, all temp- 
erature specifications are limited to -25C< Tas +85°C. For the Am1501C these specifications apply for oc< Tas +70°C, +5V and < Vs < 
£15V. Supply current and input voltage range are specified as Vg = +15V for the AM1501C. C1 = 30pF unless otherwise specified. 
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Am1501 


FREQUENCY COMPENSATION CIRCUITS 


Single Pole Compensation ‘Two Pole Compensation Feedforward Compensation 


C2 
Ro 


RC 
Cr>, 
T2 RT Thy 
C, = 30pF 


Figure 1 Figure 2 Figure 3 


LIC-796 LIC-797 LIC-798 


Power supplies should be bypassed to ground at one point, minimum, on each card. More 
bypass points should be considered for five or more amplifiers on a single card. For appli- 
cations using feed-forward compensation, the power supply leads of each amplifier should 
be bypassed with low inductance capacitors. 


Compensating for 
Stray Input Capacitance/Large 


Feedback Resistance Isolating Large Capacitive Loads 


R2 


Figure 4 Figure 5 


LIC-800 


The values given for the frequency compensation capacitor guarantee stability only for 
source resistances less than 10k, stray capacitances on the summing junction less than 
5pF and capacitive loads smaller than 100pF. If any of these conditions is not met, it is 
necessary to use a larger compensation capacitor. Alternately, lead capacitors can be used 
in the feedback network to negate the effect of stray capacitance and large feedback 
resistors, or an RC network can be added to isolate capacitive loads. 
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Am1501 


PERFORMANCE CURVES (Note 3) 


Open Loop Open Loop Open Loop 
Frequency Response Frequency Response Frequency Response 


TWO POLE FEEDFORWARD 
COMPENSATION | 995 TPA] COMPENSATION 
(figure 2) (figure 3} 





PHASE LAG - DEG 
PHASE LAG - DEG 





VOLTAGE GAIN-dB 
VOLTAGE GAIN-dB 
VOLTAGE GAIN-dB 








0 SINGLE POLE 
COMPENSATION 


100 1k 10k 100k 1M 10M 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M 100M 
FREQUENCY-Hz | FREQUENCY-Hz FREQUENCY-Hz 


Voltage Follower Voltage Follower 
Pulse Response Pulse Response Inverter Pulse Response 


SINGLE POLE TWO POLE 
COMPENSATION 


{figure 2) (figure 3} 


COMPENSATION 
(figure 1) 




















VOLTAGE SWING-V 








VOLTAGE SWING-V 
VOLTAGE SWING-V 





Soe OA KH ON BOD 











C2 = 300 pF 
0 10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 
TIME-xs TIME-ys 


Large Signal Large Signal Large Signal 
Frequency Response Frequency Response Frequency Response 


TO | ns 2 


PCM TINCT is 
rr HANI He 
WN rss 20e hs 


BHR GHIA 
Bt 


+V 


= 
N 











co 


> 














OUTPUT VOLTAGE SWING - 





























OUTPUT VOLTAGE SWING — +V 
OUTPUT VOLTAGE SWING - #V 



























































10k 700K Cts 
FREQUENCY-Hz FREQUENCY- Hz FREQUENCY-Hz 


Closed Loop 
Common Mode Rejection Power Supply Rejection Output Impedance 





-2 
3 


= 
2 





- 
fo} 


t 

SINGLE POLE 

COMPENSATION 
\ (figure 1) 

Cy = 30 pF 

Ta= 25°C. 

lout =+5mA 





SUPPLY REJECTION-dB 
3 


OUTPUT IMPEDANCE 


o 
~ 





COMMON MODE REJECTION-dB 


od 
x 


1k 10k 100k 10k 100k 1M 
FREQUENCY- Hz FREQUENCY- Hz FREQUENCY-Hz 


* LIC-801 
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Am1501 


GUARANTEED PERFORMANCE CURVES (Note 3) 
(Curves apply over the Operating Temperature Ranges) 


Input Voltage Range Output Swing Voltage Gain 











-+V 

















INPUT VOLTAGE RANGE-+V 
OUTPUT VOLTAGE SWING 
VOLTAGE GAIN-dB 


SUPPLY VOLTAGE-+V SUPPLY VOLTAGE-+V SUPPLY VOLTAGE-+vV 


PERFORMANCE CURVES (note 3) 


Input Current — Am1501M, L Input Current — Am1501C 








INPUT CURRENT-nA 
INPUT CURRENT-nA 





Ces esat 








QO 
-75 50 -26 0 26 50 75 100 125 i) 20 
TEMPERATURE-°C TEMPERATURE-°C 


Input Noise Voltage Input Noise Current 
























































MEAN SQUARE NOISE CURRENT—A2/Hz 








MEAN SQUARE NOISE VOL 


g 
z 


100 10k 1k 10k 
FREQUENCY-Hz FREQUENCY—Hz 


Current Limiting Voltage Gain Supply Current 


se 
HARE 
HA 


VOLTAGE GAIN-dB 
SUPPLY CURRENT — mA 


OUTPUT VOLTAGE SWING — +V 





10 
OUTPUT CURRENT-tmA SUPPLY VOLTAGE-+V SUPPLY VOLTAGE — +V 


LIC-802 
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Am1558/1458 


Dual Frequency Compensated Operational Amplifiers 





Description 


The Am1558 and Am1458 Dual Frequency Compensated 
Operational Amplifiers are functionally, electrically, and 
pin-for-pin equivalent to the Motorola MC1558 and 
MC1438. Both are available in the hermetic metal can 
package. 


FUNCTIONAL DESCRIPTION 


The Am1558 is a dual 741 internally compensated operational 
amplifier. The Am1558 and Am1458 are differentia! input, 
class AB output amplifiers intended for general purpose 
applications. They are protected against faults at input and 
output, and require no external components for frequency 
compensation, 


Distinctive Characteristics 


@ 100% reliability assurance testing including high- 
temperature bake, temperature cycling, centrifuge 
and fine leak hermeticity testing in compliance with 
MIL-STD-883 

@ Electrically tested and optically inspected dice for 
the assemblers of hybrid circuits 


FUNCTIONAL DIAGRAM 


INVERTING 
INPUT B 


INVERTING 
INPUT A 


O 
NON.-INVERTING 


A OB 
INPUT A 0 


C3 
NON-INVERTING 
OUTPUT INPUTS 


LIC-803 


APPLICATIONS 


QUADRATURE OSCILLATOR 


SINE 
OUTPUT 


COSINE 
OUTPUT 


(RyCy = RCo) 


cy 
Tt 820 pF 1% 


1 
a 
m/CaRoCaR-_ 
C2R2C3R3 
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ORDERING INFORMATION 


Order 
Number 


AM1458H 
LD1458 


AM1558H 
LD1558 


Part 
Number 


Temperature 
Range 
0°C to +70°C 
0°C to +70°C 
~55°C to +125°C 
-55°C to +125°C 


Package 
Type 
Metal Can 
Dice 


Metal Can 
Dice 





Am1458 


Am1558 


See Am747 for dice layout 


N 

= 
| 

> 
9 
Zz 
w 
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o 
w 
oa 
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fom 
uw 
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z 
w 
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NOTCH FILTER USING THE 1558 AS A GYRATOR 


Notch Frequency As A 
Function Of Cy 































































































7.5kQ 
TRIM R3 SUCH THAT 


10 
0.0001 0.001 0.01 0.1 
CAPACITOR Cy — uF 


LIC-805 LIC-806 


CONNECTION DIAGRAM 
Top View 


OUTPUT A(T) 


6 


NON-INV INPUT A 


(7) OUTPUT B 


a 


NON-INV INPUT B 


INV [NPUTA INV INPUT B 


ve 


Note: Pin 4 Connected to Case. 


LIC-807 














Am1558/1458 
MAXIMUM RATINGS 


Transient Response 





Supply Voltage Test Circuit 
Am1558 +22V 
Am1458 +18V 
Internal Power Dissipation (Note 1) 
Metal Can 800mW 
Differential Input Voltage t30V 
Input Voltage (Note 2) +15V 
Output Short-Circuit Duration (Note 3) Indefinite 
Operating Temperature Range 
Am1558 -55°C to +125°C 
Am1458 O°Cto+ 70°C 
> or C, < 100 pF 
Storage Temperature Range -65 C to +150 C R, = 2k2 
Lead Temperature (Soldering, 60 sec.) 300°C LIC-808 





ELECTRICAL CHARACTERISTICS—Each Amplifier (Vg = £15V, Ta = 25°C unless otherwise specified) 
Am1458 Am1558 
Parameter (see definitions) Conditions Min. Typ. Max. Min. Typ. Max. Units 


-oter vores Aefonmane Ronee fs is 
Pinpuevonoae Renee OSSCSCSi Pe Ps | 
[ara Siot Votoge Gan «LAS 2OR.Vour=tov——«dt | too | pe 200 | Win | 
ouput farience ——SsC=“‘iRSS™S*C*‘“‘NCSSCNCO#C‘#(N“#SNSYNN’CWY@®'‘-J@™——“‘dSS“‘édP | Od | 
Four storecvent cuentas ds 
Sipiv VoroeFesstion ove Agetoxmn————SSSCSC~dCSC*dS w|i 
supe conent Bom Ampitend —[——SSSSCSCSCSCS~C~S~sS i nw sw [sm 
[00 [20 | 00 [20 [| 


Transient Response (Unity Gain) 
Risetime 
Overshoot 








Input Offset Voltage. Rg < 10k2 


Input Offset Current 


Input Bias Current 


Input Voltage Range 


Common Mode Rejection Ratio 








Supply Voltage Rejection Ratio 








Large-Signal Voltage Gain 


; RL > 10k 
t Vol 
Output Voltage Swing Rp > 2.0k 
Supply Current (Both Amplifiers) 


Power Consumption {Both Amplifiers) 





" Notes: 1. Derate Metal Can package at 6.8mW/°C for operation at ambient temperatures above 30°C. 
2. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 
3. Short circuit may be ground or either supply. Rating applies to +125°C case temperature or +60°C ambient temperature for each side. 
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INPUT OFFSET CURRENT — nA 


PEAK—TO-—PEAK OUTPUT SWING — V 


V?/Hz 


VOLTAGE GAIN — dB 


Input Offset Current 
As A Function Of 
Supply Voltage 



































SUPPLY VOLTAGE — +V 


Output Voltage Swing 
As A Function Of 
Load Resistance 
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LOAD RESISTANCE — kQ 
Input Noise Voltage 


As A Function Of 
Frequency 












































MEAN SQUARE VOLTAGE 






































1k 10k 
FREQUENCY — Hz 


Open Loop Voltage Gain 
As A Function Of 
Frequency 








100 tk 10k 100k 1M 10M 


FREQUENCY — Hz 


SHORT CIRCUIT CURRENT — mA INPUT OFFSET CURRENT — nA 


MEAN SQUARE NOISE CURRENT — A?/Hz 


PHASE — DEGREES 


PERFORMANCE CURVES 
(Each Amplifier) 


Input Offset Current 
As A Function Of 
Ambient Temperature 
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= POWER CONSUMPTION — mw 
TOTAL NOISE REFERRED TO INPUT — uVrms 2) CONSUMPTION — m POWER CONSUMPTION — mw 


PEAK—TO-PEAK OUTPUT SWING — V 


~ 
nN 
oO 


Am1558/1458 


Power Consumption 
As A Function Of 
Ambient Temperature 
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TEMPERATURE — °C 


Power Consumption 
As A Function Of 
Supply Voltage 


























SUPPLY VOLTAGE — +V 


Broadband Noise For 
Various Bandwidths 















































SOURCE RESISTANCE — 2 


Output Voltage Swing 
As A Function Of 
Frequency 






































1k 10k 100k 
FREQUENCY — Hz 
LIC-809 








Am1558/1458 


RELATIVE VALUE OUTPUT — mV INPUT RESISTANCE — 


PEAK-TO-—PEAK OUTPUT SWING — V 


: RESPONSE 
\ 


Input Resistance And 
Input Capacitance As A 
Function Of Frequency 
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Transient Response 











RISE TIME 


TIME — uS 


Frequency Characteristics 
As A Function Of 
Ambient Temperature 





CLOSED LOOP 
BANDWIDTH 
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Output Voltage Swing 
As A Function Of 
Supply Voltage 
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SUPPLY VOLTAGE — +V 


iNPUT CAPACITANCE-— pF 


VOLTAGE GAIN—dB OUTPUT VOLTAGE — V OUTPUT RESISTANCE — 2 


COMMON MODE VOLTAGE RANGE — +V 


PERFORMANCE CURVES 
(Each Amplifier) 


Output Resistance 
As A Function Of 
Frequency 
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Voitage Follower 
Large-Signa! Pulse Response 
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Open Loop Voltage Gain 
As A Function Of 
Supply Voltage 
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Voltage Range As A 
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INPUT BIAS CURRENT — nA RELATIVE VALUE COMMON MODE REJECTION RATIO — dB 


INPUT RESISTANCE — MQ 


Common Mode Rejection 
Ratio As A Function Of 
Frequency 
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Frequency Characteristics 
As A Function Of 
Supply Voltage 


TRANSIENT 
RESPONSE 


SUPPLY VOLTAGE — +V 


Input Bias Current 
As A Function Of 
Ambient Temperature 
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Ambient Temperature 
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LH2101A/LH2201A/LH2301A 


Dual Operational Amplifiers 





Distinctive Characteristics 


© Low offset voltage e@ Offsets guaranteed over entire common mode and 
@ Low offset current supply voltage ranges 
@ Guaranteed drift characteristics @ Slew rate of 10V/ys as a summing amplifier 


FUNCTIONAL DESCRIPTION 


The LH2101A series are differential input, class AB output 
operational amplifiers. The inputs and outputs are protected 
against overload and the amplifiers may be frequency com- 
pensated with an external 30pF capacitor. The combination of 
low-input currents, low-offset voltage, low noise, and versatility 
of compensation classify the LH2101A series amplifiers for 
low level and general purpose applications. 


FUNCTIONAL DIAGRAM 


vr 
O BALANCE 
OUTPUT 
INVERTING OMPENSATI 
INPUT tegen 
O OUTPUT 


O BALANCE/ 
COMPENSATION 


NON-INVERTING 
INPUT 


O BALANCE 


OUTPUT 
WIVERENG O © COMPENSATION 


NON-INVERTING _ 13 
INPUT O 


UT BALANCE/ 


© COMPENSATION 


LIC-811 


ORDERING INFORMATION 


Part Package Temperature Order 
Number Type Range Number 

DIP O°C to +70°C ~=—-_~LH2301AD 
Flat Pak 0°C to +70°C LH2301AF 

DIP -25°C to +85°C LH2201AD 
Flat Pak -25°C to +85°C LH2201AF 


DIP -55°C to +125°C LH2101AD 
Flat Pak -55°C to +125°C LH2101AF 


LH2301A 


LH2201A 


LH2101A 
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DESCRIPTION 


The LH2101A series of dual operational amplifiers are two 
LM101A type op amps in a single hermetic package. They are 
functionally electrically and pin for pin equivalent to the 
National LH2101A series. Featuring all the same performance 
characteristics of the single, these duals offer in addition 
closer thermal tracking, lower weight, reduced insertion cost, 
and smaller size than two singles. 


The LH2101A is specified for operation over the —55°C to 
+125°C military temperature range. The LH2201A is specified 
for operation over the —25°C to +85°C temperature range. 
The LH2301A is specified for operation over the 0°C to +70°C 
temperature range. 


CONNECTION DIAGRAMS 
Top Views 


Dual-In-Line 


BAL/comp. A [7] 


INV. INPUT A [| 


INV. 
eek _] INV. INPUT B 


vo << 111] BAL./ COMP. B 


OUTPUT 
101) comp. s 


vtB 


Flat Package 


BAL/comP.A[ | 


INV.INPUTA [| 
NON-INV. 


INPUT A 
6 
; 7 
8 
outPuT B[ | 


Note: Pin 1 is marked for orientation. 
LIC-812 








LH2101A/LH2201A/LH2301A 


MAXIMUM RATINGS 
Supply Voltage 























LH2101A, LH2201A +22V 
LH2301A £18V 
Internal Power Dissipation (Note 1) 500mW 
Differential Input Voltage +30V 
: Input Voltage (Note 2) +15V 
Output Short-Circuit Duration Indefinite 





Operating Temperature Range 
LH2101A 





~55°C to +125°C 

















LH2201A ~25°C to +85°C 

LH2301A 0°C to +70°C 
Storage Temperature Range -~65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (Note 3) 
(Each Amplifier) 

LH2101A 

Parameter LH2301A LH2201A 
(see definitions) Conditions Min. Typ. Max. Min. Typ. Max. Units 


Input Offset Voltage 


Input Offset Current 


ares (al al 
ed 
— 


Input Resistance 











Supply Current (Total Both Amplifiers) aga mA 
u urrent (Total Bo moplifiers 
. Vs =+15V, VouT = #10V, 
: . V 
Large Signal Voltage Gain Ry > 2k2 25 160 50 160 Vim 
Slew Rate Vg = +20V,Ay=+1 0,2 0.5 0.2 0.5 V/us 








The Following Specifications Apply Over The Operating Temperature Ranges 


Input Offset Voltage Rs < 50kQ 10 | | 3.0 











Input Offset Current 


























Average Temperature Coefficient of Input Offset Voltage | TA(MIN) <TA < TA(MAX)| 6.0 30 | 3.0 15 ee 
= 28°C <Ta <TA(MAX) 0.01 | 0.3 0.01 i 0.1 F 

Average Temperature Coefficient of Input Offset Current TA(MIN) <TA < 25°C mn 002 06 0.02 z 02 nA/ =| 
Input Bias Current il 300 | 100 nA 

Vg = +15V,V =+10V, “hk 
Large Signal Voltage Gain s Our 25 oe. || VimV 

RL > 2k _ be 

15 














I it Voltage R pee ; as 
nput Voltage Range Vg = £15V +15,-12 ee 























Common Mode Rejection Ratio Rs < 50k 70 90 80 96 dB 
Supply Voltage Rejection Ratio Rg < 50k 70 96 80 96 dB 
Vg = +15V, RL = 10k +12 +14 +12 +14 
Output Voltage Swi 
utput Voltage Swing Ry = 2k 10 3 10 13 Volts 








Notes:1. The maximum junction temperature of the LH2101A is 150°C, while that of the LH2201A and LH2301A is 100°C, For operating temperatures, 
devices in the flat package, the derating is based on a thermal resistance of 185°C/W when mounted on a 1/16-inch-thick epoxy glass board with 
0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 100° CW, junction to ambient, 

2. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 

3. These specifications apply for +5V < Vg < +20V and —5B°C < TAS 125° C, unless otherwise specified. With the LH2201A, however, all tempera- 
ture specifications are limited to -25°C < Ta < 85°C. For the LH2301A these specifications apply for O° C < Ta < 70°C, +5V and < Vg < #15V, 
Supply current and input voltage range are specified as Vs = t5V for the LH2301A. Cy = 30pF unless otherwise specified, 


Supply Current (Total Both Amplifiers) 
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LH2101A/LH2201A/LH2301A 


FREQUENCY COMPENSATION CIRCUITS 


Single Pole Compensation Two Pole Compensation Feedforward Compensation 


C2 
R2 


Figure 1 Figure 2 Figure 3 
LIC-813 LIC-814 LIC-815 
Power supplies should be bypassed to ground at one point, minimum, on each card. More 
bypass points should be considered for five or more amplifiers on a single card. For appli- 


cations using feed-forward compensation, the power supply leads of each amplifier should 
be bypassed with low inductance capacitors. 


Compensating for 
Stray Input Capacitance/Large 
Feedback Resistance Isolating Large Capacitive Loads 


R2 
C2 





LIC-816 Figure 4 Figure 5 LIC-817 


The values given for the frequency compensation capacitor guarantee stability only for 
source resistances less than 10k2, stray capacitances on the summing junction less than 
5pF and capacitive loads smaller than 100pF. If any of these conditions is not met, it is 
necessary to use a larger compensation capacitor. Alternately, lead capacitors can be used 
in the feedback network to negate the effect of stray capacitance and large feedback 
resistors, or an RC network can be added to isolate capacitive loads. 


Metallization and Pad Layout 


(NPUT(-) 


INPUT(+) COMP. “A"/NULL 





vt 
OUTPUT 











49 X 56 Mils 
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LH2101 A/LH2201A/LH2301A 


Open Loop 
Frequency Response 


PERFORMANCE CURVES (Note 3) 


Open Loop 
Frequency Response 


TWO POLE 


Open Loop 
Frequency Response 


FEEDFORWARD 


COMPENSATION} 995, COMPENSATION 
(figure 2) {figure 3) 


PHASE LAG - DEG 
PHASE LAG - DE 





VOLTAGE GAIN-d 
VOLTAGE GAIN-dB 
VOLTAGE GAIN-dB 


0 | SINGLE POLE 
COMPENSATION 
(figure, 1) 

10 100 1k 10k 100k 1M 10M 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M 100M 
FREQUENCY-Hz FREQUENCY-Hz F REQUENCY-Hz 








Voltage Follower 
Pulse Response 


Voltage Follower 


Pulse Response Inverter Pulse Response 
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ON FD DOO 


SINGLE POLE 
COMPENSATION 
(figure 1) 
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mec ee 
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VOLTAGE SWING-V 
VOLTAGE SWING-V 
VOLTAGE SWING-V 


See 
eC taeae 
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oH HAN 
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TIME-ys TIME-us 


Large Signal Large Signal Large Signal 
Frequency Response Frequency Response Frequency Response 


+V 











TWO POLE 
MPENSATION 
(figure 2) 


SINGLE PO 
COMPENSATIO 
(figure 1} 












































OUTPUT VOLTAGE SWING — #V 
OUTPUT VOLTAGE SWING - 
OUTPUT VOLTAGE SWING — +V 
























































0 0 
10k 1M 100k 1M 
FREQUENCY-Hz FREQUENCY- Hz FREQUENCY-Hz 


Closed Loop 


Common Mode Rejection Output Impedance 


Power Supply Rejection 





SINGLE POLE 
COMPENSATION 
(figure 1) 





SINGLE POLE 

COMPENSATION] _| 
ea oe 
ea lour = #5 mA 


1k 10k 100k 10k 100k 1M 1k 10k 
FREQUENCY- Hz FREQUENCY- Hz FREQUENCY-Hz 





SUPPLY REJECTION-dB 
OUTPUT IMPEDANCE ~22 


COMMON MODE REJECTION-dB 


LIC-818 
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LH2101A/LH2201A/LH2301A 


GUARANTEED PERFORMANCE CURVES (Note 3) 


(Curves apply over the Operating Temperature Ranges) 


Input Voltage Range Output Swing Voltage Gain 











-1+V 
-+V 


















































INPUT VOLTAGE RANGE 
OUTPUT VOLTAGE SWING 
VOLTAGE GAIN-dB 














15 
SUPPLY VOLTAGE-+V SUPPLY VOLTAGE-+V SUPPLY VOLTAGE-+V 


PERFORMANCE CURVES (note 3) 


Input Current — LH2101A, LH2201A Input Current —- LH2301A 





INPUT CURRENT-nA 
INPUT CURRENT-nA 


























75 -50 -25 0 25 50 75 100 125 
TEMPERATURE-°C TEMPERATURE-°C 





Input Noise Voltage Input Noise Current 























































































































MEAN SQUARE NOISE VOL 
MEAN SQUARE NOISE CURRENT-A?/Hz 


100 tk 
FREQUENCY— FREQUENCY—Hz 


Current Limiting Voltage Gain Supply Current 


























OUTPUT VOLTAGE SWING — #V 
VOLTAGE GAIN-dB 
SUPPLY CURRENT-mA 

















0 15 ‘0 25 


OUTPUT CURRENT-+mA SUPPLY VOLTAGE-:V SUPPLY VOLTAGE-£V 


10 15 
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ALPHA NUMERIC INDEX 
FUNCTIONAL INDEX 
SELECTION GUIDES 

INDUSTRY CROSS REFERENCE 
DICE POLICY 
ORDERING INFORMATION 
MIL-M-38510/MIL-STD-883 








~ COMPARATORS 
DATA CONVERSION PRODUCTS 
LINE DRIVERS/RECEIVERS 


MOS MEMORY AND MICROPROCESSOR INTERFACE 


Vey 









OPERATIONAL AMPLIFIERS 
SPECIAL FUNCTIONS 


VOLTAGE REGULATORS 


PACKAGE OUTLINES | 

GLOSSARY 

AMD FIELD SALES OFFICES, SALES REPRESENTATIVES, 
DISTRIBUTOR LOCATIONS | 
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Special Functions — Section VII 


Am592 
Am733/733C 


Differential Video Amplifier 
Differential Video Amplifier 


Am592 


Differential Video Amplifier 


PRELIMINARY DATA 





Distinctive Characteristics 


@ The Am592 and Am592C differential video amplifiers Electrically tested and optically inspected dice for 
are functionally, electrically and pin-for-pin equivalent hybrid manufacturers 

to the Signetics SE592 and NE592. 120 MHz bandwidth 

Bandwidths: 40 to 120 MHz Adjustable gains from 0 to 400 

Rise times: 2.5 to 10 ns Adjustable pass band 

Propagation delay: 3.6 to 10 ns No frequency compensation required 

100% reliability assurance testing in compliance with Available in metal can, hermetic dual-in-line or plastic 
MIL-ST D-883A dual-in-line packages 


FUNCTIONAL DESCRIPTION CONNECTION DIAGRAMS 


The Am592/Am592C is a monolithic, two stage, differential Top Views 

output, wideband video amplifier. It offers fixed gains of 100 

and 400 without external components and adjustable gains 

from 400 to 0 with one external resistor. The input stage has 

been designed so that with the addition of a few external Dual-In-Line Metal Can 

reactive elements between the gain select terminals, the circuit 

can function'as a high pass, low pass, or band pass filter. This 

feature makes the circuit ideal for use as a video or pulse 

amplifier in communications, magnetic memories, display and 

video recorder systems. OUTPUT 1 


OUTPUT 2 


OUTPUT 2{ | | _}oOutTPuT 1 


Note: On Metal Can, pin 5 is conneted to case. 


LIC-820 


ORDERING INFORMATION Metallization and Pad Layout 





INPUT 2 INPUT 1 


Part Package Temperature Order 
Number Type Range Number 


TO-100 0°C to +70°C AM592HC 

DIP 0°C to +70°C AM592DC 

Molded DIP 0°C to +70°C AM592PC 
Dice 0°C to +70°C LD592C 


TO-100 -55°C to+125°C AM592HM 
DIP -55°C to +125°C AM592DM 
Dice -55°C to +125°C ~—=LD592 





Am592C 











DIE SIZE 41 X 41 mils 








Am592 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 





Differential Input Voltage 





Common Mode Input Voltage 





Output Current 








+8V 





+5V 











t6V 








Operating Temperature Range 
Am592 
Am592C 





10mA 


-55°C to +125°C 
0°Cto+ 70°C 





Storage Temperature Range 





-65°C to +150°C 





ELECTRICAL CHARACTERISTICS Standard Conditions (Ta = +25°C, Vg = +6V, Veny = 0 unless otherwise specified) 


Am592C Am592 ° 
Parameter Conditions Min. Typ. Max. Min. Typ. Max. Units 






















































































































































eat linea A eo aes 
Differential Voltage Gain RL = 2k2, VoUT =3V p-p 
Gain 1 Note 1 
Bandwidth MHz 
Gain 2 Note 2 
Rise Time Vout =1V p-p ns 
Propagation Delay Vout =1V p-p ns 
Gain 2 
Gain 1 Note 1 
Input Resistance kQ 
Gain 2 Note 2 
I tc it i Not F 
nput Capacitance Gain 2 ote 2 p 
Input Offset Current uA 
Input Bias Current LA 
Input Noise Voltage BW 1kHz to 10kHz uV rms 
Input Voltage Range Volts 
ra a | 
Gain 2 VCM + 1V, F <100kHz 
Common Mode Rejection Ratio dB 
Gain 2 VCM + 1V, F = 5MHz 
Supply Voltage Rejection Ratio Gain au AVS = +0.5V dB 
Output Offset Voltage Gain 3 Note 3 RL =" Volts 
Output Common Mode Voltage RL =< Volts 
Output Voltage Swing Ri = 2kQ, Single Ended Volts 
Output Resistance 2 


Recommended Operating Supply Voltage (Vg = +6.0V) 

Notes: 1. Gain select pins Gy, and G1g connected together. 
2. Gain select pins Go, and Gop connected together. 
3. All gain select pins open, 


Am592 


TYPICAL APPLICATIONS 


DISC/TAPE PHASE MODULATED DIFFERENTIATION WITH 
READBACK SYSTEMS HIGH COMMON MODE 


NOISE REJECTION 


FOR FREQUENCY Fy < 1/2 7 (32) C 


dvi 
vg 2 1.4 X 104c — 
Lic-821 oT LiC-822 


FILTER NETWORKS 


FILTER Vo (s) TRANSFER 


2 NETWORK 
TYPE V1 (s) FUNCTION 


1.4 x 104 1 
LOW PASS 4 | SRE 


1.4 X 104 s 
HIGH PASS ARE ‘$+ 1/RC 


1.4 X 104 s 
L s2+R/Ls+1/LC 


vols) _ 1.4 X 104 
CIEE 14 x04 s2 + 1/LC 

R s2+1/LC +s/RC 

1.4 x 104 


2 Cc 
Z(s) + 32 





Note: In the networks above, the vaiue used is assumed to include 2rg, or approximately 32 ohms. 


LIC-823 


TEST CIRCUITS 
(Ta = 25°C Unless Otherwise Noted) 





LIC-824 LIC-825 
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Am733/733C 


Differential Video Amplifier 





Distinctive Characteristics 


e The Am733 and Am733C differential video amplifiers e 100% reliability assurance testing in compliance with 
are functionally, electrically and pin-for-pin equiva- MIL STD 883. 
lent to the Fairchild A733 and 733C. ¢ Electrically tested and optically inspected dice for 
* Bandwidths: 40 to 120 MHz By Bid Mapuiactitel s: 


° Bi . j e Available in metal can, hermetic dual-in-line or 
ise Times: 2.5 to 10 ns hermetic flat packages. 


e Propagation Delay: 3.6 to 10 ns 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 


The Am733 is a monolithic two-stage differential input, emitter V+ v- 

follower differential output video amplifier. Internal series- 

shunt feedback is used to obtain fixed gains of 10, 100 or 

400, and adjustable gains from 10 to 400 by the use of an INPUT 1 OUTPUT 1 
external resistor. 


INPUT 2 OUTPUT 2 


Gia Gig Goa Gog 
NS ey 


GAIN SELECT 
LIC-826 


TYPICAL APPLICATION 
HIGH-GAIN WIDEBAND AMPLIFIER 


V+ 


INPUT 1 


INPUT 2 


Typical Bandwidth @ 25°C: 65 MHz 
Typical Gain @ 25°C: 54 dB 
Typical Bandwidth @ 125°C: 57 MHz 
Typical Gain Loss @ 125°C: 1 dB 


LIC-827 


ORDERING INFORMATION CONNECTION DIAGRAMS 
Top Views 


Dual-In-Line Metal Can 
Part Package Temperature Order Gs 
Number Type Range Number o-2 
—_—_—_———— 10 9 


TO-99 0°C to +70°C 733HC SS, ourruT 1 


Am733C DIP 0°C to +70°C 733DC . cae orony 
Dice O°C to +70°C 733XC 
TO-99 -—55°C to +125°C 733HM 
DIP —55°C to +125°C 733DM NOTES: 
FlatPak —55°C to +125°C 733FM (1} On Metal Can, 


Di SBC +4 25°C pin 5 is connected to case. 
oe - ao 733XM (2) On DIP, pin 5 is connected 


to bottom of package. 


(3) On Flat Package, pin 4 is 
LIC-828 connected to bottom of package. 
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MAXIMUM RATINGS 


Am733/733C 




















Supply Voltage +8V 
Differential Input Voltage ea eo. ee: +5V 
Common Mode Input Voltage 5 Pe ge tee ee a coe 4 +6V 
Output Current _ — 10 mA 
Internal Power Dissipation (Note 1) - = - 500 mW 





Operating Temperature Range 






























































































































Am733C 0°C to +70°C 
Am733 —55°C to +125°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (T, = 25°C, V; = +6.0 V unless otherwise specified) 
Parameter Am733C Am733 
(see definitions) Conditions Min. Typ. Max. Min. Typ. Max. Units 
Differential Voltage Gain T 
Gain 1 (Note 2) 250 400 600 300 400 500 
Gain 2 (Note 3) 80 100 120 90 100 110 
Gain 3 (Note 4) 8.0 10 12 9.0 10 11 
Bandwidth R, = 502 
Gain 1 40 40 MHz 
Gain 2 90 90 MHz 
Gain 3 120 120 MHz 
- Risetime R, = 502, Vo, = 1 Vpp 
Gain 1 10.5 10.5 ns 
Gain 2 4.5 12 4.5 10 ns 
Gain 3 2.5 2.5 ns 
Propagation Delay R, = 509, V,, = 1 Vpp 
Gain 1 7.5 7.5 ns 
Gain 2 6.0 10 6.0 10 ns 
Gain3 3.6 ; 3.6 ns 
Input Resistance ~] 
Gain 1 4.0 4.0 kQ 
Gain 2 10 30 20 30 kQ 
Gain 3 250 250 kQ 
Input Capacitance Gain 2 2.0 2.0 pF 
Input Offset Current 0.4 5.0 0.4 3.0 LA 
' Input Bias Current 9.0 30 9.0 20 LA 
Input Noise Voltage R, = 502, BW = 1 kHz to 10 MHz 12 12 uVrms 
Input Voltage Range +1.0 +1.0 V 
Common Mode Rejection Ratio 
Gain 2 om = £1V, f < 100 kHz 60 86 60 86 dB 
Gain 2 om = £1V, f= 5 MHz 60 60 dB 
Supply Voltage Rejection Ratio. 
Gain 2 , 50 70 50 70 dB 
Output Offset Voltage r 
Gain 1 0.6 1.5 0.6 1.5 Vv 
Gain 2 and Gain 3 0.35 1.5 0.35 1.0 Vv 
-Output Common Mode Voltage 2.4 2.9 3.4 2.4 2.9 3.4 V 
Output Voltage Swing Single Ended 3.0 4.0 Vpp 
‘Output Sink Current : : 2.5 3.6 mA 
Output Resistance tae 20 Q 
: Power Supply Current 18 24 mA 
The Following Specifications Apply Over The Operating Temperature Ranges 
’ Differential Voltage Gain | 
Gain 1 (Note 2) 250 400 600 200 400 600 
Gain 2 (Note 3) 80 100 120 80 100 120 
Gain 3 (Note 4) 8.0 10 12 8.0 10 12 
Input Resistance | 
Gain 1 4.0 4.0 kQ 
Gain 2 8.0 30 8.0 30 kQ 
Gain 3 250 250 | kQ 
Input Offset Current 0.4 6.0 0.4 5.0 LA 
Input Bias Current 9.0 40 9.0 40 LA 
: Input Voltage Range +1.0 +1.0 Vv 























Am733/733C 


























Parameter Am733C Am733 
(see definitions) Conditions : ; Min. Typ. Max. Min. Typ. Max. Units 
The Following Specifications Apply Over The Operating Temperature Ranges 
“Common Mode Rejection Ratio 
Gain 2 Vim = £1V, f < 100 kHz 50 86 50 86 dB 
Supply Voltage Rejection Ratio 
Gain 2 AV, = +0.5V 50 70 | 50 70 dB 
‘Output Offset Voltage 
Gain 1 0.6 1.5 0.6 1.5 V 
Gain 2 and Gain 3 - 0.35 1.5 i: 0.35 1.2 Vv 
Output Voltage Swing Single Ended 28 4.0 2.5 4.0 Vpp 
Output Sink Current 2.5 3.6 2.2 3.6 [mA 
Power Supply Current | ‘97 27 mA 

















Notes: 1. Derate metal can package at 6.8 mw/°C for operation at ambient temperatures above 85°C and Dual In- 
ambient temperatures above 100°C. 

. Gain Select pins Gz, and G1Bp connected together, 

Gain Select pins Goa and Gog connected together. 

All Gain Select pins open. 


Line package at 9 MW/°C for operation at 
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VOLTAGE GAIN ADJUST CIRCUIT 


OUTPUT 1 


OUTPUT 2 
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Metallization and Pad Layout 


INPUT 2 INPUT 1 
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41 X 41 Mils 
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Am733/733C 


PERFORMANCE CURVES 


Input Resistance Gain 
Vs. Temperature Input Noise Voltage Vs. Temperature 
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Ta = 25°C 
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SINGLE-ENDED VOLTAGE GAIN — dB 
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OUTPUT VOLTAGE SWING — Vpp 
OUTPUT SINK CURRENT — mA 
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SINGLE ENDED VOLTAGE GAIN — dB 
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OUTPUT VOLTAGE SWING — Vpp 
SUPPLY CURRENT — mA 












































OUTPUT VOLTAGE SWING — Vpp 





















































5 10 50 100 500 1k 20 60 100 140 


50 100 500 1k 5k 10k 
3 FREQUENCY — MHz TEMPERA me 
LOAD RESISTANCE — 2 SUBECES SG LIC-830 





Am733/733C 


PERFORMANCE CURVES 


Phase Shift Phase Shift Common Mode 
Vs. Frequency Vs. Frequency Rejection Ratio 















































PHASE SHIFT — DEGREES 





PHASE SHIFT — DEGREES 































































































COMMON MODE REJECTION RATIO — dB 


3°94 5 6 7 8 9 50 100 500 100k 1M 10M 100M 
FREQUENCY — MHz FREQUENCY — MHz FREQUENCY — Hz 


Pulse Response Pulse Response Pulse Response 
Vs. Gain Vs. Supply Voltage Vs. Temperature 
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Differential Overdrive Supply Current 
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ALPHA NUMERIC INDEX 
FUNCTIONAL INDEX 
SELECTION GUIDES 

INDUSTRY CROSS REFERENCE 
DICE POLICY 

ORDERING INFORMATION 
MIL-M-38510/MIL-STD-883 










COMPARATORS 





DATA CONVERSION PRODUCTS 












LINE DRIVERS/RECEIVERS 





MOS MEMORY AND MICROPROCESSOR INTERFACE 


OPERATIONAL AMPLIFIERS 


SPECIAL FUNCTIONS 





VOLTAGE REGULATORS 


PACKAGE OUTLINES 

GLOSSARY : 

AMD FIELD SALES OFFICES, SALES REPRESENTATIVES, 
DISTRIBUTOR LOCATIONS ~ | 
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Voltage Regulators — Section VIII 


Am105/205/305/305A 
~ Am723/723C 


Voltage Regulator 
Voltage Regulator 


Am1035/205/305/305A 


Voltage Regulator 





Distinctive Characteristics 


¢ The Am105/205/305/305A are functionally, electric- © 100% reliability assurance testing in compliance with 
ally, and pin-for-pin equivalent to the National LM MIL STD 883. 
105/205/305/305A. ¢ Electrically tested and optically inspected die for 
® Output voltage adjustable from 4.5V to 40V. assemblers of hybrid products. 


¢ Output currents in excess of 10A possible by adding 
external transistors. 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 


The Am105/205/305/305A is a positive voltage regulator UNREGULATED 
which can be used in the series, shunt, linear or switching 
REF. BYPASS 
, 4 sur 
OUTPUT 
ERROR AMP 
= > 6 CURRENT 
LIMIT 


modes of operation. The circuits feature low stand-by current 
drain, operation under minimum load conditions and an out- 
put current capability of up to 20 mA. 

REGULATED 
© output 


w 
is) 
2 
a 
oa 
we 
ira 
wi 
c 


re) 
FEED BACK 





O O 
GROUND COMPENSATION 


LIC-832 


TYPICAL APPLICATIONS 
Current Regulator Shunt Regulation m1 


3.3V 
1N3821 


2N3055 





LIC-833- LIC-834 





ORDERING INFORMATION CONNECTION DIAGRAM 


Top Vi 
Part Package Temperature Order oer 


Number Type Range Number Metal Can 
Am305A TO-99 0°C to +70°C LM305AH 


REGULATED OUTPUT 


Am305 TO-99 0°C to +70°C LM305H 
Dice 0°C to +70°C LD305 


Am205 TO-99 ~25°C to +85°C LM205H 


Am105 TO-99 —55°C to +125°C ~~ LM105H 
Dice —55°C to +125°C LD105 NOTES: (1) On Metal Can, pin 4 is connected to case. 
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Am105/205/305/305A 
MAXIMUM RATINGS 



























































Input Voltage Range Am105/205/305A 50 V 
Am305 40 V 
Input-Output Voltage Differential 40V 
Internal Power Dissipation (Note 1) 
Metal Can (Similar to TO-99) 500 mW 
800 mW 
Operating Temperature Range 
Am105 —55°C to +-125°C 
Am205 —25°C to +85°C 
Am305/305A 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (Note 2) Am105 
Parameter Am305 Am305A Am205 
(see definitions) Conditions Min Typ Max Min Typ Max Min Typ Max Units 
Input Voltage Range 8.5 40 8.5 50 8.5 50 Vv 
Output Voltage Range 4.5 30 4.5 40 4.5 40 V 
Input-Output 
3.0 30 3.0 30 3.0 30 Vv 
Voltage Differential 
Line Regulation Vin7 Vout SOV 0.025 0.06 0.025 0.06 0.025 0.06 %/V 
(Note 3) Vin7 Vout 2 5 V 0.015 0.03 0.015 0.03 0.015 0.03 %/V 
Load Regulation O0<Ilb<12mA 
(Note 3) Rog = 182, Ty = 25°C 0.02 0.05 0.02 0.05 % 
Roc = 152, Ty = T,(max) 0.03 0.1 % 
Reg = 10 2, Ty, = T,(max) 0.03 0.1 % 
Roc = 182, Ty = T,(min) 0.03° 0.1 0.03 0.1 % 
O<Inb< 45mA 
Roo = 02, Ty = 25°C 0.02 0.2 % 
Roc = 02, T, = T, (max) 0.03 0.4 % 
Roo = 02, T, = T, (min) 0.03 0.4 % 
ms —_§t 
Feedback Sense Voltage | 1.63 1.70 1.81 1.55 1.70 1.85 | 1.63 1.70 1.81 Vv 
Ripple Rejection Corp = 10 uf, f = 120 Hz 0.003 0.01 0.003 0.003 0.01 %/V 
Output Noise Voltage 10 Hz < f < 10 kHz 
Crore = 0 0.005 0.005 0.005 % 
Care > 0.1 uf 0.002 0.002 0.002 % 
Standby Current Drain V;, = 40V 0.8 2.0 
V,, = 50 V 0.8 2.0 0.8 2.0 mA 
Long Term Stability 0.1 1.0 0.1 1.0 0.1 1.0 % 
Temperature Stability 0.3 1.0 0.3 1.0 0.3 1.0 % 
Cutfeneeimiteanee ee = OM lace 225 300 375 | 225 300 375 225 300 375 mV 
Voltage (Note 4) Vout = OV 























Notes: 1. Derate Metal Can package at 6.8mw/C for operation at ambient temperatures above 25°C. 

2. These specifications apply over the operating temperature range, for input and output voltages within the ranges given, and for a divider impedance 
seen by the feedback terminal of 2kQ, unless otherwise specified. The load and line regulation specifications are for constant junction temperature. 
Temperature drift effects must be taken into account separately when the unit is operating under conditions of high dissipation. 

3. The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The improvement factor will be 

roughly equal to the composite current gain of the added transistors. 
. With no external pass transistor. 
5. Connect booster output to unregulated input when no external pass transistor is used. 
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As A Function Of 
Input Voltage 























tNPUT VOLTAGE -V 
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Load Regulation 
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OUTPUT VOLTAGE DEVIATION-~% 
RELATIVE OUTPUT VOLTAGE-V RESISTANCE-kQ 


INPUT VOLTAGE-V 


Am105/205/305/305A 


Load Regulation 


Characteristics With 


Current Limiting 




















LOAD CURRENT-mA 


Optimum Divider 
Resistance Values 
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R1//R2=2kQ 
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Regulator Dropout Voltage 
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Am105/205/305/305A 


REGULATED 
OUTPUT 


CURRENT 
LIMIT 


BOOSTER 
OUTPUT 


UNREG 
INPUT 


ADDITIONAL APPLICATIONS 


Linear Regulator with 
Foldback Current Limiting 
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Metallization and Pad Layout 
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38 x 48 Mils 


Am723/723C 


Voltage Regulator 





Description: The Am723 and Am723C monolithic voltage 
regulators are functionally and electrically equivalent to 
the Fairchild »A723 and »A723C. Both are available in 
the hermetic dual-in-line and metal can packages and 


are pin for pin replacements for the Fairchild »A723 
and »A723C. 


Distinctive Characteristics: 100% reliability assurance 
testing including high-temperature bake, temperature 
cycling, centrifuge and fine leak hermeticity testing in 
compliance with MIL-STD-883. 


Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DESCRIPTION 

The Am723 is intended for use with positive or negative supplies 
as a series, shunt, switching or floating regulator. It is appli- SneaueMay 
cable to remote shutdown and current limiting operations and COMPENSATION 
will accept either PNP or NPN external pass elements to ] 
increase output current capability. 


FUNCTIONAL DIAGRAM 


TEMPERATURE v 
COMPENSATED c 
ZENER 


SERIES PASS 
TRANSISTOR 


NON-INVERTING 


OV 
INPUT Our 





VOLTAGE 
REFERENCE 
AMPLIFIER 


CURRENT 
LIMIT 
ERROR 
AMPLIFIER 


CURRENT 
© SENSE 


CURRENT 
LIMITER 
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APPLICATIONS 
REMOTE SHUTDOWN REGULATOR WITH CURRENT LIMITING (V,,, = 2 to 7 Volts) 


REGULATED 
OUTPUT 


LOGIC INPUT 
Ro 
Vout =|Vaee *R+R,! 
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ORDERING INFORMATION CONNECTION DIAGRAMS 


Top Views 





Metal Can Dual-In-Line 
Package 


Type 


Order 
Number 


Temperature 


Range 


CURRENT 





DIP 
Metal Can 
Molded DIP 

Dice 


Am723C 


O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
0°C to +70°C 


723DC CURRENT 
723HC 


INVERTING ¢4 2 


723PC INPUT 
723XC 


FREQUENCY 
QC) COMPENSATION 


NON-INVERTING & 
INPUT 





DIP 
Metal Can 
Dice 


—55°C to +125 C 
—55°C to +125°C 
—55°C to +125°C 


723DM 
723HM 
723XM 


(1) On Metal Can, pin 5 is connected to case. 
(2) On DIP, pin 7 is connected to case. 
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Am723/723C 
MAXIMUM RATINGS 





























Pulse Voltage from V* to V~ (50 msec) 50V 
Continuous Voltage from V* to V7 40V 
Input-Output Voltage Differential 40V 
Maximum Output Current 150 mA 
Current from V, 25 mA 
Current from Veer 15 mA 
Internal Power Dissipation (Note 1) 
Metal! Can 850 mW 
DIP 900 mW 
Operating Temperature Range . 
Am723G 0°C to +70°C 
Am723 —55°C to +125°C 





Storage Temperature Range 


—65°C to +150°C 












































Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) (Note 2) 
Parameter Am723C Am723 
(see definitions) Conditions Min Typ Max Min Typ Max Units 
Line Regulation Vy=i12VtoV, =15V | 0.01 0.1 0.01 01 | %Voy 
(Note 3) Viy = 12V to Vy = 40V 0.1 0.5 0.02 0.2 | %Vour 
Load Regulation (Note 3) [I, =1mA tol, = 50mA 0.03 0.2 0.03 0.15 | % Vou 
Ripple Rejection f = 50 Hz to 10 kHz, Cpe = 0 74 "74 dB 

f = 50 Hz to 10 kHz, Cp, = 5 uF 86 86 dB 
Short Circuit Current Limit Rec = 102, Voy = 0 65 65 mA 
Reference Voltage 6.80 7.15 7.50 7.15 7.35 V 
Output Noise Voltage BW = 100 Hz to 10 kHz, Cp,, = 0 20 20 1Vems 

BW = 100 Hz to 10 kHz, Cpee = 5 uF 2.5 2.5 1Vems 

a eee aia ey ee pe = eu = gan a net es ea | 

Long Term Stability 0.1 0.1 %/1000 hrs 





Standby Current Drain 
Input Voltage Range 
Output Voltage Range 
Input-Output Voltage Differential! 
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The Following Specifications Apply Over The Operating Temperature Ranges 














Coefficient of Output Voltage 








Line Regulation Vin =12VtoV, = 15V 0.3 0.3 | % Vour 
[Load Regulation I, =1mA tol, =50mA 0.6 06 | % Vou 
pvereds VemParetls 0.003 0,015 0.002 0.015 | %/°C 











Notes: 1. 
at ambient temperatures above 50°C. 
2. Unless otherwise specified, Ta = 25°C, Vin=Vt=Vo 


impedance as seen by error amplifier <10 k§2 when connected as shown in Fig. 3. 
3. The load & line regulation specifications are for constant junction temperature. Temperature drift effects must be taken into account separately 
when the unit is operating under conditions of high dissipation. 
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Derate Metal Can package at 6.8 mw/"C for Operation at ambient temperatures above 25 -C and Dual-In-Léne package at 9 mw/°C for operation 


= 12 V, V-=OV, Vout =5 V, IL =1mMA, Rgc = 0, C; = 100 pF, Caer = O and divider 
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Standby Current Drain 
As A Function Of 
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Characteristics As A 
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LOAD DEVIATION - mA LIMITING CURRENT - mA 


INPUT VOLTAGE DEVIATION - VOLTS 


PERFORMANCE CURVES 


Maximum Load Current 
As A Function Of 
Input-Output Voltage 
Differential 


Ty MAX = 150°C 
Rey =150°C/W 
Pstanosy = S0mW 


METAL CAN PACKAGE 
(NO HEAT SINK) 








Maximum Load Current 
As A Function Of 
Input-Output Voltage 
Differential 


Ty max 150°C 


HO 


STANDBY ~ 60 mW 


DIP PACKAGE 
(NO HEAT SINK) 
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Line Regulation As A 
Function Of Input-Output 
Voltage Differential 














REGULATION ~ % Voy 








Load Regulation As A 
Function Of Input-Output 
Voltage Differential 
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REGULATION - % Vout REGULATION - % Voy REGULATION - % Voyy 
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Am723/723C 


Load Regulation 
Characteristics With 
Current Limiting 





























OUTPUT CURRENT - mA 


Load Regulation 
Characteristics Without 
Current Limiting 
































OUTPUT CURRENT - mA 


Load Regulation 
Characteristics 
With Current Limiting 
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OUTPUT CURRENT - mA 





Current Limiting 
Characteristics 








I 
Ty = 125°C 
Tp = 470°C 
Ty =428°C 
Ty =0°C 
Ty = 85°C 























Viy = #12 

Vout = *5V 

Req = 102 
20240 60 80 100 
OUTPUT CURRENT - mA 
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Am723/723C 


APPLICATIONS 


HIGH VOLTAGE REGULATOR LOW VOLTAGE REGULATOR 
(V.u: = 7 to 37 Volts) (Vout = 2 to 7 Volts) 


REGULATED REGULATED 
OUTPUT OUTPUT 


R, +R, 
Vout = rer X RI 
Ri R2 


R3 = Rye Rp for minimum temperature drift. 


Ry may be eliminated for minimum component count. 


LIC-842 Figure 1 LIC-844 


NEGATIVE VOLTAGE REGULATOR 


REGULATED 
OUTPUT 


REGULATED Vv R V. {R, + Ry) 
OUTPUT ouT™3 + SENSE '"'3 4 


Rec Ry Rsc Ry 
v R, +R R 
Vour = {SE x ty Et Ry = Ry 2 VseNnse 
1 Ee 


R,+R 
x 324 


2 V = [V, X=——1 : 'short =[ ] 
out REF RR, SHORT CKT Rec R, 


LIC-843 Figure 2 Figure 4 LIC-845 


Metallization and Pad Layout 


LIMIT 
SENSE me m 8 
INPUT (—) INPUT (+) 


45 x 53 Mils 
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COMPARATORS 


DATA CONVERSION PRODUCTS 


LINE DRIVERS/RECEIVERS 
MOS MEMORY AND MICROPROCESSOR INTERFACE 


OPERATIONAL AMPLIFIERS 


SPECIAL FUNCTIONS 
VOLTAGE REGULATORS 


PACKAGE OUTLINES 
GLOSSARY 
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DISTRIBUTOR LOCATIONS 
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Section IX 


PaCkage OUMlineSrt et sick aad whale Benth RON me oon lhe Galen te 
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AMD Field Sales Offices, Sales Representatives, Distributor Locations 


PACKAGE OUTLINES 


METAL CAN PACKAGES 


H-8-1 H-10-1 G-12-1 


oD— 9D. 
pee aaa 
ae: L REFEREN' 
REFERENCE | | iat le pLane 1 rs f REFERENCE 
PLANE PLANE 
Satine Lo enete 
SEATING. "0 ae L PLANE 


“ll io] 


PLANE 











Notes: 1. Standard lead finish is bright acid tin plate or gold plate. 
2. ¢b applies between L, and Lo. db, applies between L, and 0.500" 
beyond reference plane. 
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PACKAGE OUTLINES (Cont.) 


P-8-1 
8-LEAD MOLDED DUAL-IN-LINE 
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P-16-1 
16-LEAD MOLDED DUAL-IN-LINE 








eh, 
Et 


ce || 
aioe 


P-24-1 
24-LEAD MOLDED DUAL-IN-LINE 








ae 
= Lame | 
a Los a A 





| — 





P-14-1 
14-LEAD MOLDED DUAL-IN-LINE 
(TO-116) 





aie 


P-20-1 
20-LEAD MOLDED DUAL-IN-LINE 








SEATING 
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P-28-1 
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PACKAGE OUTLINES (Cont.) 


D-8-1 D-14-1 TD-14-3 
8-LEAD HERMETIC DUAL-IN-LINE 14-LEAD HERMETIC DUAL-IN-LINE 14-LEAD METAL HERMETIC 
DUAL-IN-LINE 
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D-16-1 D-20-1 
20-LEAD HERMETIC DUAL-IN-LINE 
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D-24-1 D-28-1 
24-LEAD HERMETIC DUAL-IN-LINE 28-LEAD HERMETIC DUAL-IN-LINE 
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E i) | eeacila rb x b-— = os Ej 

Ast SEATING iar ‘ | 

| abel \ x t sear 1] f 

Pah ge \ = ~" PLANE ! 
L . ° 3 = J no i 
on a | el agua ae 
DIMENSIONS (inches) 
D-14-3 
Parameters D-8-1 D-14-1 (Note 2) D-16-1 D-20-1 D-24-1 D-28-1 
Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 
A .130 .200 .130 .200 -100 -200 -130 .200 .140 .220 -150 .225 .150 .225 
b .016 .020 .016 .020 .015 .023 .016 .020 .016 .020 .016 .020 .016 .020 
b, .050 .070 -050 .070 -030 .070 .050 .070 .050 .070 .045 .065 .045 .065 
c .009 .011 -009 .011 .008 .011 .009 .011 .009 011 .009 .011 009 .012 
.370 -400 .745 785 .660 .785 745 .785 935 .970 1.230 | 1.285 |. 1.440 1.490 
E .240 .285 .240 .285 .230 .265 .240 -310 245 545 510 545 
E, .300 .320 .290 .320 .290 -310 .290 .320 .290 .620 .600 .620 
.090 -110 .090 -110 .090 -110 .090 110 .090 ~ 110 .090 -110 
| 125 .150 -125 .150 -100 .150 .125 .150 125 .150 125 150 
| .015 .060 .015 .060 .020 -080 .015 .060 .015 .060 .015 .060 
$1 .004 .010 .020 .005 .005 .010 .010 
Qa 3° 13° 3° 13° 3° 13° 3° 13° 3° 13° 3° 13° 3° 13° 
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PACKAGE OUTLINES (Cont.) 


F-10-1 tF-10-2 F-14-1 
10-LEAD CERPAK 10-LEAD FLAT PACKAGE 14-LEAD CERPAK 























F-16-1 F-20-1 
16-LEAD CERPAK 20-LEAD CERPAK 
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set 
F-24-1 F-28-2 


24-LEAD CERPAK 28-LEAD FLAT PACKAGE 
=| Rk 










































F-10-4 F-10-2 F-16-1 F-20-1 F-24-1 F-28-1 
Parameters 
Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 
045 080 | .045 .080 045 085 045 085 .050 .090 045 080 





o15 | o19 | 015 | o19 | 015 | o19 | 015 | 019 
004 | 006 | .004 | .006 | .004 | 
370 | 425 | 490 | 520 | 580 | .620 | 360 | 410 








.004 .006 003 .006 
230 255 235 275 





A 
b 015 | o19 | 012 | .o19 
c 
D 



































D, 275 | 410 
E 240 | .260 245 | 285 | 245 | 285 | 360 | 385 | 360 | 410 
E; 275 290 | .290 410 | | .410 
e 045 | 055 045 | .o55 | 045 | 055 | .045 | .055 | 045 | .055 
L 300 | .370 300 | 370 | 300 | 370 | 265 | 320 | 270 | 320 
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GLOSSARY 
Average Temperature Coefficient of Input Offset Current — The ratio of the change in input offset current, over 
the operating temperature range, to the operating temperature range. (pA C) 


Average Temperature Coefficient of Input Offset Voltage — The ratio of the change in input offset voltage, over 
the operating temperature range, to the operating temperature range. (uV/°C) 


Bandwidth — The frequency at which the gain of the device is 3 dB below its low frequency value. 


Channel Separation — The log of the ratio of the input of an undriven amplifier to the output of an adjacent driven 
amplifier. (dB) 

Clamped Output High Voltage — The voltage potential necessary to turn on (forward bias) the clamping diode on 
the output pin. (V) 


Clamped Output Low Voltage — The voltage potential necessary to turn off (reverse bias) the clamping diode on 
the output pin. (V) 


Clock Frequency — The reciprocal of the clock period; the clock repetition rate. 
Clock Input, Amplitude — The peak amplitude of the clock signal. 
Clock Input, Width — The time duration of the clock pulse. 


Common Mode Gain — The ratio of the output voltage change to the input common mode voltage producing that 
change. 


Common Mode Input Overload Recovery Time — The time delay between removal of an input common mode vol!- 
tage outside the input common mode range, and resumption of normal device operation. (ns) 


Common Mode Input Resistance — The value of resistance with respect to a common mode signal, seen when 
looking into both inputs. (Q) 


Common Mode Input Voltage Swing — The peak value of the common mode input voltage at which the device will 
operate in a linear fashion. (V) 


Common Mode Output Voltage — The output voltage resulting from the application of a voltage common to both 
inputs and the average of the two output voltages of a differential output amplifier. (V) 


Common Mode Rejection Ratio — The ratio of the change in input offset voltage to the total change in common 
mode voltage producing it. (dB) 


Common Mode Voltage — The arithmetic mean of the voltage present at the differential inputs with respect to the 
device ground reference. (V) 


Delay Time — See Propagation Delay. (ns) 

Differential Input Bias Current — The current required in the differential input stage to bias the stage into oper- 
ation. 

Differential Input Capacitance — The effective capacitance between the two inputs, operating open loop. 
Differential Input Impedance — The impedance seen looking between the input terminals. 


Differential Input Offset Current — The difference in currents required by the transistors in the input stage to bias 
the input stage to its quiescent operation point. 


Differential Input Overload Recovery Time — The time delay between removal of a differential input voltage that 
exceeds the differential input voltage operating range, and resumption of normal device operation. 


Differential Input Resistance — The effective resistance between the two inputs, operating open loop. 


Differential Input Threshold Voltage — The voltage difference between the + and — inputs required to guarantee 
the output logic state. 


Differential Input Voltage Range — The range of voltage applied between the input terminals for which operation 
remains within specifications. 


Differential Load Rejection — The ratio of the change in input offset voltage to the change in differential load 
current. 


Differential Output Resistance — The resistance measured between the two output terminals. 


Differential Output Voltage Swing — The peak differential output voltage that can be obtained without clipping 
the output voltage waveform. 


Differential Voltage Gain — The ratio of the change in differential output voltage to the change in differential 
input voltage. 


Dropout Voltage — The input-output voltage differential that causes the output voltage to decrease by 5% of its 
initial value. (V} 
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GLOSSARY (Cont.) 


Enable HIGH -- The delay time from a control input change to the three-state output high-impedance to HIGH- 
level transition. 


Enable LOW — The delay time from a control input change to the three-state output high-impedance to LOW-level 
transition. 


Equivalent Input Noise Current — The input noise current that would reproduce the noise seen at the output if all 
amplifier noise sources were set to zero and the source impedances were large compared to the optimum source 
impedance. (pAA/Hz) 


Equivalent Input Noise Voltage — The input noise voltage that would reproduce the noise seen at the output if all 
amplifier noise sources and the source resistances were set to zero. (nV//Hz) 


Fall Time — The time required for the signal to fall from 90% to 10% of its output value into a specified load 
network. (ns) 


Feedback Capacitance — The effective value of the capacitive coupling from output to input. 


Feedback Sense Voltage — The voltage measured on the feedback terminal of the regulator, with respect to ground, 
when the device is operating in regulation. (V) 


Frequency Response — The frequency at which the output drops to 0.707 of its low frequency value. 

Gain Bandwidth Product — The frequency at which the small signal ac gain of the device reduces to unity. (MHz) 
HIGH — Applying to a HIGH voltage level. 

High Frequency Current Gain — The small signal ac current gain at a specified frequency. 


HIGH to Disable — The delay time from a control input change to the three-state output HIGH-level to high- 
impedance transition (measured at 0.5V change). 


Hold Time — The time interval for which a signal must be retained at one input after an active transition occurs at 
another input terminal. 


Hysteresis — The voltage difference between the switching points of the device. See Lower Input Threshold Vol- 
tage and Upper Input Threshold Voltage. 


Input. 
Input Bias Current — The average of the two input currents with no signal applied. (nA or pA) 


Input Bias Current Drift — The change in input bias current with temperature supply voltage, or time. (Alp) As/ 
AT, AVs, At) 


Input Capacitance — The equivalent capacitance of either input with the other input grounded. (pF) 
Input HIGH Voltage — The range of input voltages that represents a Sogic HIGH in the system. 


Input Clamp Diode Voltage — The most negative voltage at an input when 18 mA is forced out of that input term- 
inal. This parameter guarantees the integrity of the input diode which is intended to clamp negative ringing at the 
input terminal. 


Input Common Mode Voltage Range — The range of common mode input voltage over which the device will oper- 
ate within specifications. (V) 


Input Current — The current flowing into the input with a specified voltage applied to the input. 


Input Current at Maximum Input Voltage — The current into a TTL or DTL input with the absolute maximum 
allowed input voltage applied to the input. 


Input Forward Current — See Input LOW Current. 

Input HIGH Current — The current flowing out of an input when a specified LOW voltage is applied. 
Input HIGH Voltage — The range of input voltages that represents a logic HIGH in the system. 
Input Latch Voltage — See Input Clamp Diode Voltage. 

Input LOW Current — The current flowing out of an input when a specified LOW voltage is applied. 
Input LOW Voltage — The range of input voltages that represents a logic LOW in the system. 


Input Noise Voltage — The rms noise voltage present at the amplifier output divided by the gain of the amplifier, 
measured with the inputs connected to ground through a low resistance. (en) 


Input Offset Current — The difference in current into the two input terminals with the output voltage at zero. In a 
comparator, it is the difference between the two input currents with the output at the logic threshold voltage. 
Also, it is defined as the difference in input currents required to give equal output currents from a matched pair of 
devices. (nA or pA) 


Input Offset Current Drift — The change in input offset current preduced with time, voltage or temperature. 
AV, At (pAPC, V, s) 


Input Offset Voltage — The voltage applied between the input terminals to obtain zero output voltage. In Compar- 
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GLOSSARY (Cont.) 


ators, it is the voltage applied to the input terminals to give the logic threshold voltage at the output. It is also de- 
fined as the input voltage differential required to give equal output currents from a matched pair of devices. (mV) 


Input Offset Voltage Drift — The change in input offset voltage with time, voltage or temperature. (uV/C, V, s) 


Input-Output Voltage Differential — The voltage range between the unregulated input voltage and the regulated 
output voltage in which a regulator operates within specifications. 


Input Resistance — The equivalent resistance seen looking into either input terminal with the other terminal 
grounded. (M22) 


Input Reverse Current — See Input HIGH Current. (uA) 

Input to Output Delay — See Propagation Delay. 

Input Voltage — The voltage potential between the input terminal and the device ground reference. (V) 

Input Voltage (Min) — The minimum voltage required to bias the reference to specification limits. (V) 

Input Voltage Range — The range of voltage on an input terminal over which the device operates as specified. (V) 


Large Signal Voltage Gain — The ratio of the output voltage swing to the change in input voltage required to drive 
the output from zero to this voltage. 


Line Regulation — The change in output voltage for a specified change in input voltage. (mV-or %) 


Linearity — The deviation of the characteristic from a straight line. 
Load Regulation — The change in output voltage for a specified change in load current. (mV or %) 
LOW — Applying to a LOW voltage level. 


LOW to Disable — The delay time from a control input change to the three-state output LOW-level to > high- im- 
pedance transition (measured at 0.5V change). 


Maximum input LOW voltage — The maximum allowed input LOW in a system. This value represents the guaran- 
teed input LOW threshold for the device. 


Minimum input HIGH Voltage — The minimum allowed input HIGH in a logic system. This value represents the 
guaranteed input HIGH threshold for the device. 


Negative-going Threshold Voltage — The input voltage of a variable threshold device that is interpreted as a ViL 
as the input transition falls from above VT +(MAX) 


Negative Current — Current flowing out of the device. 


Noise Figure — The ratio of the input signal-to-noise ratio to the output signal-to-noise ratio. Usually expressed as 
common log. (dB) 


1/F Noise — The noise measured. at a specified low frequency below the frequency range where the device noise 
spectrum is essentially flat. (nV) 


Open Loop Voltage Gain — The ratio of the output signal voltage to the differential input signal voltage, with no 
feedback applied. (dB or V/mV) 


Oscillator Control Sensitivity — The ratio of the change in oscillator frequency to the change in control voltage 
causing it. 

Oscillator Pull-In Range — The range of free-running frequency over which the oscillator is locked to the incoming 
signal. 

Output. 

Output Common Mode Voltage — The arithmetic mean of the two output voltages for devices with differential 
outputs. 

Output High Current — The current flowing out of an output which is in the HIGH state. 

Output HIGH Voltage — The minimum voltage at an output terminal for the specified output current IQH and at 
the minimum value of Vcc. 

Output Low Voltage — The maximum voltage at an output terminal sinking the maximum specified load current 
IOL and at the minimum value of Vcc. 

Output Impedance — The equivalent impedance seen looking into the output terminal. ({2) 

Output Leakage Current — The leakage current into the output transistor at the specified output voltage potential 
for uncommitted or open-collector outputs. (uA) 


Output LOW Current — The current flowing into an output which is in the LOW state. 
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GLOSSARY (Cont.) 


Output Noise Voltage — The rms value of the noise voltage measured at the output with constant load current and 
no input ripple. (uV) 


Output Off Current HIGH — The current flowing into a disabled 3-state output with a specified HIGH output vol- 
tage applied. 


Output Off Current LOW — The current flowing out of a disabled 3-state output with a specified LOW output vol- 
tage applied. 


Output Offset Voltage — The voltage difference between the two outputs with both inputs grounded. 


Output Resistance — The small signal ac resistance seen looking into the output with no feedback applied and the 
output dc voltage near zero. For comparators, it is the resistance seen looking into the output with the dc output 
level at the logic threshold. (£2) 


Output Saturation Voltage — The dc voltage between output and ground in the saturated condition. 


Output Short Circuit Current — The current flowing out of an output which is in the HIGH state when that output 
is short circuited to ground (or other specified potential). 


Output Sink Current — The maximum current into the collector of an open-collector device. (mA) 


Output Voltage — The voltage present at the output terminal referred to ground. (V) 
Output Voltage Range — The range of output voltages over which the specifications apply. (V) 


Output Voltage Swing — The peak output voltage swing, referred to zero, that can be obtained wihtout clipping 
the output voltage waveform. (V) 


Overshoot — The difference between the peak amplitude of the output and the final value of the output divided by 
the output times 100%. (%) 


Peak Output Current — The maximum current delivered by the device for a period too short for thermal protection 
to be activated. (A) 


Phase Margin — The difference between 180° and the phase shift at the frequency where the open loop gain equals 
unity. 


Positive-going Threshold Voltage — The input voltage of a variable threshold device that is interpreted as a V|H as 
the input transition rises from below VT—(MIN). 

Pulse Width — The time between the leading and trailing edges of a pulse. 

Power Bandwidth The maximum frequency at which the maximum output can be maintained without signifi- 
cant distortion. 

Power Consumption — The dc power required to operate the device under no load conditions. 


Power Dissipation (Max) — The maximum power that can be dissipated in the device with a given heat sink beyond 
which the device may not perform to specification. (mW) 


Power Supply Current — The current required from the power supply to operate the amplifier with no load and 
no signal applied. (mA) 


Power Supply Rejection Ratio — The ratio of the change in input offset voltage to the change in power supply 
voltage producing it. (uV/V) 


Power Supply Sensitivity — The ratio of the change of a specified parameter to the change in supply voltage. 
Propagation Delay — The time interval between application of an input voltage step and its arrival at the output. 
Quiescent Current — That part of a regulator input current that is not delivered to the load. (mA) 

Quiescent Output Current — The output current with no signal applied to the input. 

Reference (Control) Current — The current drawn or supplied by the reference (control) terminal. (uA) 

Reference Voltage — The output of the reference amplifier measured with respect to the negative supply. (V) 


Response Control Input Current — The current flowing out of the response control pin that is available to charge 
the response control capacitor. 


Response Time — The interval between the application of an input step function and the time when the output 
voltage crosses the logic threshold level. (ns) 


Reverse Recovery Time — The time taken for the reverse recovery current to fall to a specified value after removal 
of the reverse bias under specified conditions. (ns) 


Release Time — The time interval for which a signal may be indeterminant at one input terminal before an active 
transition occurs at another input terminal. (The release time falls within the set-up time interval! and is specified 
by some manufacturers as a negative hold time). 
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GLOSSARY (Cont.) 


Ripple Rejection — The ratio of the peak-to-peak input ripple voltage to the peak-to-peak output ripple voltage. 
(dB) 


Rise Time — The time interval required for a signal to rise from 10% to 90% of its final amplitude. (ns or ps) 


Settling Time — The time from a step change of input to the time the corresponding output settles to within a 
specified percentage of the final value. (ns) 


Set-up Time — The time interval for which a signal must be applied and maintained at one input terminal before an 
active transition occurs at another input terminal. 


Short-Circuit Current Limit — The output current of a regulator with the output shorted to common (ground). 
(mA) 


Short-Circuit Load Current — The maximum output current which the device will provide into a short-circuit. 
Slew Rate — The maximum rate of change of output under large signal conditions. (V/us) 

Standby Current Drain — The supply current drawn by a regulator with no output load and no reference voltage 
load (see Quiescent Current). 

Storage Time — The propagation delay due to stored charge in the transistor. (ns) 


Strobe Activation Voltage — The voltage applied to the strobe terminal beyond which the device does not respond 
to the conditions at the input terminals. (V) 


Strobe Current — The maximum current taken by the strobe terminal during activation. (uA) 


Strobe Release Time — The time required for the outputs to rise to the logic threshold voltage after the strobe 
terminal has been activated. 


Strobed Output Level — The dc output voltage, independant of input voltage, with the voltage on the strobe ter- 
minal in excess of the strobe activation voltage. (V) 


Supply Current — The current flowing into the Vcc supply terminal of a circuit with the specified input condi- 
tions and the outputs open. When not specified, input conditions are chosen to guarantee worst Case operation. 


Supply Regulation — The change in internal device supply voltage for a specified change in external power supply 
voltage. 


Supply Voltage — The range of power supply voltage over which the device is guaranteed to operate within the 
specified limits. 


Supply Voltage Rejection Ratio — See Power Supply Rejection Ratio. 

Switching Speed — See Propagation Delay. 

The propagation delay time from an input change to an output LOW-to-H!GH transition. 
The propagation delay time from an input change to an output HIGH-to-LOW transition. 
Temperature Coefficient — See Average Temperature Coefficient of specific parameter. 


Temperature Stability — The percentage change in output voltage over a specified ambient temperature range 


(v/C) 
Terminating Resistance — The resistance normally used to provide a termination to a transmission line. 
Threshold Voltage — The input voltage at which the output logic level changes state. (V) 


Toggle Frequency/Operating Frequency — The maximum rate at which clock pulses may be applied to a sequential 
circuit. Above this frequency the device may cease to function. 

Total Harmonic Distortion — The rms value of the harmonic content of a signal expressed as a percentage of the 
rms value of its fundamental. 

Transient Response — The closed loop step function response of the circuit under small signal conditions. 


Transition Time, HIGH to LOW Output — See Fall Time. 
Transition Time, LOW to HIGH Output — See Rise Time. 


Turn-on Time — See Propagation Delay Time, HIGH to LOW Output. (ns) 
Unity Gain Bandwidth — The frequency at which the open loop gain is reduced to unity. (MHz) 


Upper Threshold Voltage — The input voltage that causes the output to change logic stage, when the input voltage 
is increasing in a device with hysteresis. 


Voltage Gain — The ratio of the output voltage to the input voltage under small signal conditions. For compar- 
ators, it is the ratio of the change in output voltage to the change in voltage between the input terminals, with the 
de output in the vicinity of the logic threshold. (dB or V/mV) 
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Tashi Bidg.. 3rd Floor 

No. 8. Minami Motomacht 

Shinjuku-ku, Tokyo 160 Japan 

Tel: (03) 265-9416 

TELEX: (781) 22180 


Dainictn Electronics 
Kohraku Building 

1-8. 1-Chome. Koraku 
Bunkyo-ku. Tokyo, Japan 
Tel: (03) 613-6876 


ISI Ltd 

8-3, 4-Chome, Iidabashi 
Chiyoda-ku, Tokyo 102 Japan 
Tel: (03) 264-3301 


Kanematsu-Denshi K.K. 

Takanawa Bldg., 2nd Floor 
19-26, 3-Chome. Takanawa 
Minatoku, Tokyo 108 Japan 


Microtek, Inc 

Ito Building 

7-917 

Nishishinjuku 

Shunjuku-Ku, Tokyo 160 Japan 
Tel; 03-363-2317 

TWX: J28497 


Oainichi Electronics 
Kintetsu-Takama Building 
38-3 Takama-Cho 
Narashi-Japan 630 


KOREA 

Cassia Electronics Products, Inc. 
Woodside Financial Center 
2055 Woodside Road 

Suite 160 

Redwood City, CA 94061 

Tel 


Twx 


Caduceus Limited 

Room 508 

Sindo Bulang 

65-4, 2-Ka. Chung Mu Ro 
Chung-ku, Seoul - Korea 
Tel: 777-2325 

TLX. K26453 NAMSTRA 


NORWAY 

AS Kjell Bakke 

Nygata 48 

PO. Box 143 

2011 Stroemmen 

Norway 

Tel: (02) 715350 
715351 

TLX: 19407 


SOUTH AFRICA 


South Continental Devices (Pty.) Ltd. 


Suite 516, 5th Floor 

Randover House 

Cor. Hendrik Verwoerd 

Dover Rd., Ranburg, Tvl 

Mail address: P.O. Box 56420 
Pinegowne 2123. South Afnca 
Tel: 48-0515 

TELEX: 83324 


SOUTH AMERICA 
Intectra 
2349 Charleston Road 
Mountain View, California 94043, 
Tel: 967-8818 

967-8825 
CABLE: INTECTRA 


SPAIN 

Electronic Services SA 
Adv. de Ramon y Cajal. 5 
Madrid 8 Spain 

Tel: 457-6615 

TELEX: 42207 


Regula SA 
Av. Ramon y Cajal § 
Madnd-16 Spain 
Tel: 459 33 00 

459 33 04 

459 33 08 
TELEX: 42 207 


Seren 

Julio Urquyo 12 

Bilbao-14 Spain 

Tel 435 72 00 
435 72 09 


Reguia SA 
Avda. Baro 19 
Barcelona, Spain 
Tel 386 19 58 


SWEDEN 

Svensk Teleindusin 

Box 502 

162 05 Vallingby. Sweden 
Tel: vx 08-890435 

TWX: 13033 


SWITZERLAND 
Kurt Hit AG 
Thurgauerstr 74 
CH-8048 Zuerch 
Tel: 00411-512121 
TELEX: 0045-53461 


TAIWAN 

Multitech Internationa! Corp. 
2nd Floor 

977 Min Shen E. Road 
Taipei, 105 Taiwan. R.O.C 
Tel: 768-3232 

CABLE: MULTIIC 


UNITED KINGDOM 

Dage International Ltd. 

Eurosem Dwision 

Haywood House 

High Street 

Pinner, Middlesex, HAS 5QA England 
Tel: 061-868-0024 

TELEX. 24506 


Cramer Components Ltd 
Hawke House 

Green Street 

Sunbury on Thames 
Middiesex-England 

Tel: Sunbury (76) 85577 
TLX: 923592 


ITT Electronic Services 
Edinburgh Way 
Harlow, Essex 

CM20 2DE 

England 

Tel Harlow 26811 


Memec, Ltd 

Thames Park Industral Estate 
Thames 

Oxon. OX9 3AS. 

England 

Tel. (084 421) 3146 

TLX. 837508 


Quarndon Electronics 
(Semiconductors) Ltd. 

Slack Lane 

Derby DE3 3ED England 

Tel: Derby 32651 

TELEX: 37163 


U.S. and Canadian Sales Representatives 


ALABAMA 

Electronic Manutacturers Agents 
2309 Starmount Circle SW 
Huntsville, Alabama 35801 

Tel (205) 533-6440 

TWX 810-726-2110 


CALIFORNIA 
(Northern) 


!? Incorporated 

3350 Scott Boulevard 

Santa Clara. Catitorma 95050 
Tet (408) 988-3400 

TWX 910-338-0192 


Shipping 
3641 Edward Avenue 
Santa Clara. Catiforma 95050 


(Southern) 

Bestronics tn¢ 

7827 Convoy Court 

Suite 407 

San Diego. Calitorma 92111 
Tel (714) 278-2150 

TWX 910-335-1267 


CANADA (Eastern) 

Vitel Electronics 

3300 Cote Vertu. Suite 203 
St Laurent. Quebec 
Canada H4R 287 

Tel (514) 331-7393 

TWX 610-421-3124 

TLX 05-821762 


Vitel Electronics 

1 Vulcan St. Suite 203 
Rexdale. Ontano 
Canada M9W 1L3 

Tel (416) 675-2977 
TWX 610-491-3728 
TLX 06-967881 


Shipping 

Vitel Electronics 

84 Main Street 

Champlain. New York 12919 


CANADA (Western) 
Venture Electronics 

P.O. Box 3034 

Bellevue. Washington 98009 
Tel: (206) 454-4594 

TLX: 32-8951 

Shipping. 

1645 Rambling Lane 
Bellevue. Washington 98004 


COLORADO 


R? Marketu 

10018 No. Regency Piace 
P.O. Box 554 

Parker. Colorado 80134 
Tel (303) 841-5822 


CONNECTICUT 

Scientitic Components 

350 South Main Street 
Cheshire. Connecticut 06410 
Tel: (203) 272-2160 


FLORIDA 

Conley & Associates. Inc 
P.O. Box 309 

235 South Central Ave. 
Owedo. Flonda 32765 
Tel (305) 365-3263 
TWX 810-856-3520 


Conley & Associates. Inc 
1612 N W. Second Ave 
PO. Box 700 

Boca Raton, Florida 33432 
Tel. (305) 395-6108 

TWX: §10-953-7548 


Conley & Associates. Inc 
7515 North Armenia Avenue 
Tampa. Flonda 33604 

Tel: (813) 933-1759 


GEORGIA 

Electronic Manufacturers Agents 
2800 Forest Vale Lane 

Suite VI 

Norcross. Georgia 30093 

Tel. (404) 448-2921 


ILLINOIS 

Oasis Sales, Inc 

2250K Landmeier Road 

Elk Grove Village. IHinois 60007 
Tel. (312) 640-1850 

TWX, 910-222-2170 


INDIANA 

C-S Electronic Sales, Inc 
2122-A Miami Street 

South Bend. Indiana 46613 
Tel: (219) 291-6258 

TWX. 810-299-2535 


C-S Electronic Sales. Inc 
1157-B South Jackson 
Frankfort. Indiana 46041 
Tel: (317) 659-1874 


1OWA 

Lorenz Sales. Inc 

5270 No Park Pl. NE. 
Cedar Rapids. lowa 52402 
Tel (319) 393-6912 


KANSAS 

Kebco Manufacturers 

7070 West 107th Street 

Surte 160 

Overland Park. Kansas 66212 
Tel (913) 649-1051 

TWX: 919-749-4077 


MARYLAND 

Burgin-Kreh Associales. Inc 

6100 Baltimore National Pike 
Baltimore. Maryland 21228 

Tel (301) 788-5200 

TWX 710-862-1450 


MICHIGAN 

S Al Marketing Corp 
PO BoxN 

Brighton. Michigan 48116 
Tel (313) 227-1766 
TWX 810-242-1518 


Shipping 

First Federal Bank Building 
Suite 109 

9880 E. Grand River Avenue 
Brighton. Michigan 48116 


MISSOURI 

Kebco Manutacturers 

75 Worthington Drive 

Maniland Heights, Missourr 63043 
Tel (314) 576-4111 


NEW MEXICO 

The Thorson Company 

2201 San Pedro. NE 

Suite 107, Building 2 
Albuquerque, New Mexico 87110 
Tel (505) 265-5655 

TWX; 910-989-1174 


NEW YORK 

Ossmann Component Sales Corp 
280 Metro Park 

Rochester. New York 14623 

Tel (716) 424-4460 

TWX: 510-253-7685 


Ossmann Component Sales Corp 
154 Pickard Building 

Syracuse, New York 13211 

Tel (315) 455-6611 

TWX. 710-541-1522 


NORTH CAROLINA 
Burgn-Kreh Associates, Inc 
P.O, Box 19510 

Raleigh, North Carolina 27609 
Tel 1919) 781-1160 

Shipping 

3901 Barrett Dive 

Raleigh North Carolina 27609 


OHIO 

Doltuss-Root & Co 
13477 Prospect Road 
Strongsville. Ohio 44136 
Tel (216) 238-0300 
TWX 810-427-9148 


9-10 


Doltuss-Root & Co 

354 Silvertree Lane 
Centerville Onio 45459 
Tel (513) 433-6776 


PENNSYLVANIA 

(Western) 

Bacon Electronic Sales 

115 South High Street 
Watertord Pennsylvania 16441 
Tel (814) 796-2381 


(Eastern) 

GCM Associates 

1014 Bethlehem Pike 
Erdenheim. Pennsylvania 19118 
Tel: (215) 646-7535 

TWX. 510-661-0607 


TENNESSEE 

(Western) 

Burgin-Kreh Associates. Inc. 
350 E Race Street 
Kingston. Tennessee 37763 


(Eastern) 

Burgin-Kreh Associates. Inc 
P.O. Box 268 

12 Skyline Dr 

Kingston Heights. 

Kingston. Tennessee 37763 
Tel (615} 690-6100 


TEXAS 

Bonser-Phinower Sales 
13777 .N Central Expressway 
Suite 212 

Dallas Texas 75243 

Tel (214) 234-8438 


Gonser-Philhower 

330U Chimneyrock Suile 208 
Houstun Texas 77056 

Tel (713) 783-0063 


UTAH 
Re 
3688 W 2100 So 

Salt Lake City, Utah 84120 
Tel 1801) 972-5646 

TWX 910-925-5607 


VIRGINIA 

Burgin-Kreh Associates Inc 
PO Box 4254 

5521 Fort Avenue 
Lynchburg Virginia 24502 
Tel (804) 239-2626 


WASHINGTON 

Venture Electronics 

PO Box 3034 

Bellevue. Washington 98009 
Tel (206) 454.4594 

TELEX 32-8951 

Shipping 

1645 Rambting Lane 
Bellevue Washington 98004 
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U.S. AN) CANADIAN STOCKING DISTRIBUTORS 


ALABAMA 
Hamilton/Avnet Electronics 
805 Oster Dr. N.W. 
Huntsville, Alabama 35805 
Tel: (205) 533-1170 


Hall-Mark Electronics 
4739 Commercial Drive 
Huntsville, Alabama 35805 
Tel: (205) 837-8700 


ARIZONA 

Liberty Electronics 
8155 North 24th Avenue 
Phoenix, Arizona 85021 
Tel: (602) 249-2232 


Hamilton/Avnet Electronics 
2615 S. 21st Street 
Phoenix, Arizona 85034 
Tel: (602) 275-7851 

TWX: 910-951-1535 


CALIFORNIA 

Avnet Electronics 

350 McCormick Avenue 
Irvine industrial Complex 
Costa Mesa, California 92626 
Tel: (71.4) 754-6084 

TWX: 910-595-1928 


Bell Industries 

1161 N. Fairoaks Avenue 
Sunnyvale, California 94086 
Tel: (408) 734-8570 

TWX: 910-339-9378 


Elmar Electronics 

2288 Charleston Road 
Mountain View, California 94042 
Tel: (415) 961-3611 

TWX: 910-379-6437 


-Hamilton Electro Sales 


10912 W. Washington Blvd. 
Culver City, California 90230 
Tel: (213) 558-2100 
(714) 522-8220 
TWX: 910-340-6364 
910-340-7073 
TELEX: 67-36-92 


Hamilton. Avnet Electronics 
1175 Bordeaux 

Sunnyvale, Calitornia 94086 
Tel: (408) 743-3300 

TWX: 910-339 9332 


Hamilton/Avnot Electonics 
8917 Complex Onve 

San Diego, Calitorma 92123 
Tel: (714) 279 2421 
TELEX: 69 54.15 


Liberty Electronics 

9525 Chesapeaku Onve 
San Diego, Calhtorniar Getod 
Tel: (714) 665-9171 

TWX: 910-339-1500 


Schweber Electronics 
17811 Gillette 

Irvine, Cabtormia 92714 
Tel: (213) 537-4320 
TWX: 910-595-1700 


Liberty Electronics 
124 Maryland Avanue 
El Segundo, CA 90545 
Tel: (213) 322 8100 
TWX: 910-348.7140 
910-348 7111 


CANADA 

Hamilton/Avnot Eloctronics 

2670 Paulus 

St. Laurent, Quebec, Canada H4S1G2 
Tel: (514) 331 6449 

TWX: 610-4219 9791 


Hamilton/Avnet Electonics 

6291-16 Dorman Hoad 

Mississauga, Ontano, Canada L4V1H2 
Tel: (416) 677-7412 

TWX: 610-492 Hb? 


Hamilton/Avnet Electronics 

1735 Courtwood Crescant 
Ottawa, Ontario, Canada K2C3J2 
Tel: (613) 226-1700 

TWX: 610-562-1906 


RAE Electronics 

1629 Main Street 

Vancouver, British Columbia, 
Canada V6A2W5 

Tel: (604) 687-2621 

TELEX: 0454550 


Future Electronics 
5647 Ferner Strect 
Montreal, Quebec, Canada H4P2K5 
Tel (514)735-5775 
TWX: 610:421-3051 
05-827789 


Future Electronics 
4800 Dufferin Street 
Downsview, Ontario 
Canada M3H 589 
Tel (416) 663 5563 


Future Electronics 
Baxter Centre 

1050 Baxter Rd. 
Ottawa, Ontario 
Canada K2C 3P2 
Tel: (613) 820-9471 


COLORADO 

Elmar Electronics 

6777 E. 50th Avenue 

Commerce City, Colorado 80022 
Tel: (303) 287-9611 

TWX: 910-936-0770 


Hamilton/Avnet Electronics 
5921 N. Broadway 
Denver, Colorado 80216 
Tel: (303) 534-1212 

TWX: 910-931-0510 


Bell Industries 

8155 W. 48th Avenue 
Weatridge, Colorado 80033 
Tel: (303) 424-1985 

TWX: 910-938-0393 


CONNECTICUT 
Hamilton/Avnet Electronics 

643 Danbury Road 
Georgetown, Connecticut 06829 
Tel: (203) 762-0361 


Schweber Electronics 
Finance Drive 

Commerce Industrial Park 
Danbury, Connecticut 06810 
Tel: (203) 792-3500 


Arrow Electronics 
295 Treadwell Street 
Hamden, CT 06514 
Tel: (203) 248-3801 
TWX: 710-465-0780 


Wilshire Electronics 

2554 State Street 

Hamden, Connecticut 06517 
Tel: (203) 281-1166 

TWX; 710-465-0747 


FLORIDA 

Arrow Electronics 

115 Palm Road N.W. 
Suite 10 

Palm Bay, Florida 22905 
Tel: (305) 725-1480 


Arrow Electronics 

1001 N.W. 62nd St., Suite 402 
Ft. Lauderdale, Florida 33300 
Tel: (305) 776-7790 


Hall-Mark Electronics 
7233 Lake Ellenor Dr. 
Oniando, Flona 32809 
Tel: (305) 855-4020 
TWX: 810-850-0183 


Hamilton/Avnet Electronics 
6800 N.W. 20th Ave. 

Ft. Lauderdale, Florida 33309 
Tel: (305) 971-2900 


Hamilton/Avnet Electronics 
3197 Tech Drive North 
St. Petersburg, Florida 33702 


Schweber Electronics 
2830 North 28 Terrace 
Holtywood, Florida 33020 
Tel: (305) 927-0511 
TWX: 510-954-0304 


GEORGIA 

Arrow Electronics 

3406 Oak Cliff Road 
Doraville, GA 30340 

Tel: (404) 455-4054 
TWX: 810-757-4213 
Hamilton/Avnet Electronics 
6700 1-85 

Suite 2B 

Norcross, Georgia 30071 
Tel: (404) 448-0800 


Schweber Electronics 
4126 Pleasantdale Road 
Atlanta, Georgia 30340 
Tel: (404) 449-9170 


ILLINOIS 

Arrow Electronics 

492 Lunt Avenue 
Schaumburg, Illinois 60193 
Tel (312) 893-9420 


Hamilton/Avnet Electronics 
3901 North 25th Avenue 
Schiller Park, Illinois 60176 
Tel: (312) 678-6310 

TWX: 910-227-0060 


Schweber Electronics 

1275 Brummel Avenue 

Elk Grove Village, Illinois 60007 
Tel: (312) 593-2740 

TWX: 910-222-3453 


KANSAS 

Hall-Mark Electronics 

11870 West 91st Street 
Congleton Industrial Park 
Shawnee Mission, Kansas 66214 
Tel: (913) 888-4747 

TWX: 510-928-1831 


Hamilton/Avnet Electronics: 
$219 Quivira Road 

Overland Park, Kansas 66215 
Tel: (913) 888-8900 


MARYLAND 

Arrow Electronics 

4801 Benson Avenue 
Baltimore, Maryland 21227 
Tel: (301) 247-5200 


Hall-Mark Electronics 

665 Amberton Drive 
Baltimore, Maryland 21227 
Tel: (301) 796-9300 

TWX: 710-862-1942 


Hamilton/Avnet Electronics 
7235 Standard Drive 
Hanover, Maryland 21076 
Tel: (301) 796-5000 

TWX: 710-862-1861 
TELEX: 8-79-68 


Schweber Electronics 
9218 Gaither Rd. 
Gaithersburg, MD 20760 
Tel: (301) 840-5900 


MASSACHUSETTS 

Arrow Electronics 

96D Commerce Way 

Woburn, Massachusetts 01801 
Tel: (617) 933-8130 


Hamilton/Avnet Electronics 
100 East Commerce Way 
Woburn, Massachusetts 01801 
Tel: (617) 933-8020 

TWX: 710-393-1201 


Schweber Electronics 

25 Wiggins Road 

Bedford, Massachusetts 01730 
Tel: (617) 275-5100 


Wilshire Electronics 

One Wilshire Road 

Burlington, Massachusetts 01803 
Tel: (617) 272-8200 

TWX: 710-332-6359 


MICHIGAN 

Arrow Electronics 

3921 Varsity Drive 

Ann Arbor, Michigan 48104 
Tel: (313) 971-8220 

TWX: 810-223-6020 


Hamilton/Avnet Electronics 
32487 Schoolcraft 

Livonia, Michigan 48150 
Tel: (313) 522-5700 
TWX: 810-242-8775 


Schweber Electronics 
33540 Schoolcratt 
Livonia, Michigan 48150 
Tel: (313} 525-8100 


MINNESOTA 

Arrow Electronics 

9700 Newton Avenue South 
Bloomington, Minnesota 55431 
Tel: (612) 888-5522 


Hall-Mark Electronics 

9201 Penn Avenue South 
Suite 10 

Bloomington, Minnesota 55431 
Tel: (612) 884-9056 

TWX: 910-576-3187 


Hamilton/Avnet Etectronics 
7449 Cahill Rd. 

Edina, Minnesota 55435 
Tel: (612) 941-3801 


Schweber Electronics 

7402 Washington Avenue South 
Eden Prairie, Minnesota 55343 
Tel: (612) 941-5280 


MISSOURI 

Hall-Mark Electronics 
13789 Rider Trail 

Earth City, Missouri 63045 
Tel: (314) 291-5350 
TWX: 910-760-0671 


Hamilton/Avnet Electronics 
364 Brookes Lane 
Hazelwood, Missouri 63042 
Tel: (314) 731-1144 
TELEX: 44-23-48 


NEW JERSEY 

Arrow Electronics 

Pleasant Valley Road 
Moorestown, New Jersey 08057 
Tet: (609) 235-1900 


Arrow Electronics 
285 Midland Ave. 
Saddle Brook, NJ 
Tel: (201) 797-5800 
TWX: 710-988-2206 


Hamilton/Avnet Electronics 
10 Industrial Road 
Fairfield, NJ 07006 

Tel: (201) 575-3390 


Hamilton/Avnet Electronics 
113 Gaither Drive 

East Gate Industrial Park 

Mt. Laurel, New Jersey 08057 
Tel: (609) 234-2133 


Schweber Electronics 

43 Belmont Drive 

Somerset, New Jersey 08873 
Tel: (201) 469-6008 

TWX: 710-480-4733 


Wilshire Electronics 

1111 Paulison Avenue 
Clifton, New Jersey 07015 
Tel: (201) 340-1900 
TWX: 710-989-7052 


NEW MEXICO 

Bell Industries 

121 Elizabeth N.E. 

Albuquerque, New Mexico 87123 
Tel. (505) 292-2700 

TWX: 910-989-0625 


Hamilton/Avnet Electronics 

2450 Baylor Drive S.E. 
Albuquerque, New Mexico 87119 
Tel: (505) 765-1500 


NEW YORK 

Arrow Electronics 

900 Broad Hollow Road 
Farmingdale, New York 11735 
Tel: (516) 694-6800 


Hamilton/Avnet Electronics 
167 Clay Road 

Rochester, New York 14623 
Tel: (716) 442-7820 


Hamilton/Avnet Electronics 

70 State Street 

Westbury L.I., New York 11590 
Tel: (516) 333-5800 

TWX: 510-222-8237 


Hamilton/Avnet Electronics 
6500 Joy Road 

E. Syracuse, New York 13057 
Tel: (315) 437-2642 

TWX: 710-541-0959 


Schweber Electronics 

2 Town Line Circle 
Rochester, New York 14623 
Tel: (716) 461-4000 


Schweber Electronics 

Jericho Turnpike 

Westbury, New York 11590 

Tel: (516) 334-7474 

TWX: 510-222-9470 
510-222-3660 


Summit Distributors, Inc. 
916 Main Street 
Buffalo, NY 14202 

Tel: (716) 884-3450 
TWX: 710-522-1692 


Wilshire Electronics 
110 Parkway South 
Hauppauge 

Long Island, NY 11787 
Tel: (516) 543-5599 


Wilshire Electronics 
1260 Scottsville Road 
Rochester, NY 14623 
Tel: (716) 235-7620 
TWX: 510-253-5226 


Wilshire Electronics 
10 Hooper Road 

Endwell, NY 13760 
Tel: (607) 754-1570 
TWX: 510-252-0194 


NORTH CAROLINA 
Arrow Electronics 
1377-G South Park Drive 
Kernersville, NC 27284 
Tel: (919) 996-2039 


Hall-Mark Electronics 

1208 Front Street, Building K 
Raleigh, North Carolina 27609 
Tel: (919) 832-4465 

TWX: 510-928-1831 


Hamilton/Avnet Electronics 
2803 Industrial Drive 
Raleigh, NC 27609 

Tel: (919) 829-8030 


OHIO 

Arrow Electronics 
6238 Cochran 
Solon, Ohio 44139 
Tel: (216) 248-3990 


Arrow Electronics 
3100 Plaintield Road 
Kettering, Ohio 45432 
Tel: (513) 253-9176 
TWX: 810-459-1611 


Hamilton/Avnet Electronics 
954 Senate Drive 

Dayton, Ohio 45459 

Tet. (513) 433-0610 
TWX: 810-450-2531 


Hamilton/Avnet 

761 Beta Drive, Suite E 
Cleveland, Ohio 44143 
Tel: (216) 461-1400 


Schweber Electronics 

23880 Commerce Park Road 
Beachwood, Ohio 44122 
Tel: (216) 464-2970 


Sheridan/Cincinnati 

10 Knolicrest Drive 
Cincinnati, Ohio 45222 
Tel: (543) 761-5432 
TWX: 810-461-2670 


OKLAHOMA 

Hall-Mark Electronics 

4846 South 83rd E. Avenue 
Tulsa, Oklahoma 74145 
Tel: (918) 835-8458 

TWX: 910-845-2290 


PENNSYLVANIA 
Hail-Mark Electronics 
458 Pike Road 

Pike Industrial Park 
Huntingdon Valley, 
Pennsylvania 19006 
Tel: (215) 355-7300 
TWX: 510-667-1750 


Schweber Electronics 

101 Rock Road 

Horsham, Pennsylvania 19044 
Tel: (215) 441-0600 


TEXAS 

Hail-Mark Electronics 
9333 Forest Lane 
Dallas, Texas 75231 
Tel: (214) 234-7300 
TWX: 910-867-4721 


Hall-Mark Electronics 
8000 Westglen 
Houston, Texas 77063 
Tel: (713) 781-6100 
TWX: 910-881-2711 


Hall-Mark Electronics 
10109 McKalla Drive 
Suite F 

Austin, Texas 78758 
Tel: (512) 837-2814 
TWX: 910-874-2010 


Hamilton/Avnet Electronics 
4445 Sigma Road 

Dallas, Texas 75240 

Tel: (214) 661-8661 
TELEX: 73-05-11 


Hamilton/Avnet Electronics 
3939 Ann Arbor Street 
P.O. Box 42802 

Houston, Texas 77042 
Tel: (713) 780-4771 


Schweber Electronics 
14177 Proton Road 
Dallas, Texas 75240 
Tel: (214) 661-5010 
TWX: 910-860-5493 


Schweber Electronics 
7420 Harwin Drive 
Houston, Texas 77036 
Tel: (713) 784-3600 


UTAH 

Bell Industries 

2258 South 2700 West 
Sait Lake City, Utah 84119 
Tel: (801) 972-6969 

TWX: 910-925-5686 


Hamilton Avnet Electronics 
1585 West 2100 South 
Salt Lake City, Utah 84119 
Tel: (801) 972-2800 


WASHINGTON 

Hamilton Avnet Electronics 
142142 NE. 21st Street 
Bellevue, Washington 98005 
Tel: (206) 746-8750 

TWX: 910-443-2449 


Liberty Electronics 

1750 132nd Avenue N.E. 
Bellevue, Washington 98005 
Tet: (206) 453-8300 


R.A.E. Industrial Electronics, Ltd. 
Meridian Storage Park 

4653 Guide Meridian Road 
Bellingham, Washington 98225 


WISCONSIN 

Arrow Electronics 

434 W. Rawson Avenue 

Oak Creek, Wisconsin 53154 
Tel: (414) 764-6600 

TWX: 910-262-1193 
Hamilton, Avnet Electronics 
2975 Moorland Road 

New Berlin, Wisconsin 53151 
Tel: (414) 784-4510 


ADVANCED 

MICRO 

DEVICES, INC. 

901 Thompson Place 
Sunnyvale 

California 94086 
(408) 732-2400 

TWX: 910-339-9280 
TELEX: 34-6306 
TOLL FREE 

1/10/79 (800) 538-8450 
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